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Universal primer for analysis of the diversity of intestinal bacterial lactase gene™

LONG Chengxing"?, HE Lu', LIU Youjia', HUI Huaying'~, TAN Zhoujin"" & LI Dandan'
'Hunan University of Chinese Medicine, Changsha 410208, China
*College of Mathematics and Finance, Hunan Institute of Humanities Science and Technology, Loudi 417000, China

Alsi#at In order to further study the diversity of the intestinal bacterial lactase gene, seven pairs of universal primers were
designed and synthesized by using the premier 5.0 software according to the bacterial lactase gene (beta-galactosidase (lacZ))
sequence published in NCBI database, and metagenomic DNA was screened through PCR amplification, sequencing, and
bioinformatics analysis. Four pairs of primers of 436R, 375R, 217R, and 406R did not amplify the target fragment in PCR
amplification, while primers of 436, 324, or 194 all had the target fragment amplified. For amplification on the content sample,
the expected bands of primer 436 were the most bright and clear with high sensitivity of the primer. The band quality between
194 and 324 showed no difference; for amplification on the mucosal sample, primer 324 amplified expected bands, which were
clear and bright. Primer 436 amplified one sample only, and its sensitivity was poor. Primer 194 amplified multiple bands
and the specificity was poor. In the aspect of sample sequence statistics, the final sequence ratio of primers 194, 324, and 436
was higher than 98% in the content samples. In the mucosal samples, the specificity of the primer 194 was the lowest. Primer
436 was found to be the best, followed by primer 324 after removal of the host sequence. In the aspect of OTU clustering and
annotation, in the content samples, primer 324 amplified more species than primer 436. Primer 324 was able to cluster most
species in the mucosal samples. For alpha diversity, in the content samples, the Chaol, ACE, Simpson, and Shannon indices
of primer 324 were higher than those of primer 436. The Simpson and Shannon indices of primer 436 were higher than those
of primer 194. The Chaol, ACE, Simpson, and Shannon indices of primer 324 were all higher than those of primer 436 in the
mucosal sample. In the comprehensive analysis, the universal primer 324 was found to be the best to study the diversity of the
bacterial lactase gene in the intestinal contents and mucosa.

E@Wﬁﬁb bacterial lactase; universal primer; Miseq metagenomic sequencing; PCR amplification; functional gene; intestinal
microorganism
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1 CHREETRS

L1 #F #
111 4 SPFL KM/ I8, AT Jy (20 +2) g, Wik

#2100 e SR S S0 sh W A R A R, S TR
HSYXK (i) 2013-0005.

L12 BHROMESRWIRE MR PRI s .

1.1.3 4 # P 11 P 5 24K sh ) S 0 v B 3
114 FE35l MONCBIEUE T 8% B 4 215 16 240 1 7L 0 il

FE R AT R Y 89 4%, Mk Bk R T OW B W R
(Bifidobacterium) . FLATH & ( Lactobacillus) . ¥ 5 )&
( Enterobacter) | #E 3R J& (Streptococcus) . M &
(Bacillus) . ¥R E & (Micrococcus) . #2#iJ& ( Clostridium)

S LB Tl L R 3, R R S A R AT A S T BE

BERRUED RS TE W R TP A TE.

1.1.5 FERFMEE  DNARBGIH . EAMWHK. A HE

fifi . Tris-{8F0 8 5005 7 EE (25:24:1) FITE buffertd il Tt

UG E A AR A R A F]. DNA Marker: DL2000, H [k

TR R AR A A4 fE. 10% SDS. 0.1 mol/L PBSZE i

. 5 mol/L NaCl, CTAB/NaClf 588 %L & . E 2w WF

X (Miseq System SY-410-1003) 225 [E IluminaZy 777 5. 48

A8y 5696 EE 1 (Nano drop 2000/2000C, 3 [ Thermo Scientific

INT)) K7L DI ZH DNA AT o 246 ).

116 EBRBAARE AZ (PE) 6 go A (mF) 6 g, IR

()10 g AR (HT) 10 g #EFT (J7HR)10 g, &

O 10 g HE (N5EH) 3 ¢ WIWAM B P EZFES

—MBEERE. DL oA —R1ZA 2y i, ¥ K& ik 2512 il /e

SE R K BB, TR /N ORI, B T YK, U R (]

“h20-30 min. KPR 12515 05 B SCE R R 0%

U, 4 CUKFAPAAT & .

1.2 77 i&

1.2.1 ¥4y 4a FIBHKM/PNREE HALE T (= i[23-25
°C., AR 50%-70%, i 2 ) R FR2 dfs, BEPLIY

JOE R AR, TEH 4 (tle) 654, BERIZH12H, W Mk 452

HEE TR 2 AR A SCHR 1A T B, SR R T , BB L] ok B

SRR 20 (tlm) AL IR FURTBOR YT A (tlq) . IEH A F AR IKR

B2 T IR, 1697 41 B R R 0% 24 4 BRI R 2 30T

A2y, BB AR BRI 0.16 g kg' d7, #%0.4 mL/ ( HK)

HEE, BRI, EERYT3 A SR E, BN S Ak A, {7 5
N ZH DNA$E HL.

1.2.2 E—k5|49i& it FI I DANMANF 425 8 7 51 1) £

SEIXAE, o3 B AE AR SE X W s 5 T LR RS, 51T

F A Primer Premier 5.03E47. 514k i+ FiEIR AR 64

IR A R AR, 513 W3R L
1.2.3 BFiERN SR 7S EEE E HDNARKIZEL NG

Wi B A8 5, O R E AU B M n Bt N A Y, I FRE—

FE I iE N A Y JCHE PBSH BE G, 0 A V5 JC T 3% 75

R, 200 r/minfH & 7 3% 4% 97 3% 30 min, iz 8 A W 5 S0

S BB VK, 200 o/ming O PRI WO TR 2 A A

UL, 25 B 10l B i 1 N A T TC T B #5 s, 50T

i, TR A B KB T, Wi, VKIS ST S B R iR
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SR IR AR IS, B — a2 o A R T 0, IR A 24
J (0 AR FER K, FEARIR S5 F ARSI 91 min, 3 000 r/min
B0 10 mindB B M T 5 S2 5L R A H B e SR 41y
PRWOL B2 BSCHR[13]3E 4T, DNARES: —20 CIRAE& .
ZAYIDNAFIn7EM, A5 IEDNAFHmiE B, 43 5 H BT hi A 5 74
HERE S, tntlen3ED N IEH 20/ B i N 4 M) 55 35 DNAKE
d timm 1By [ SR 52 4 /0 BRIV 38 RS 5 275 145 DNAKE (.
124 H—XPCRY EHR  HMHLKIEH B ENED
R 24 72 5k PR ZH DN ARE 43 1) FH 14060 5 1490 1) 7 58 R 96 S
125 E—RPCRY#E (i I TH 4% FH 5149 530 % 4
ZE W RURL B2 72 3 K 41 DNARE Shlb AT 9388, |2 1 4k (R A A
L3,

1.2.6 & %54i%it
F1 FRETHR4TERSIY

Table 1 4 pairs of universal primer designed first time

PGSR — G BT e, %

il 5 I Bl e ) B, BT I 3N 519, BRI 3.
1.2.7 IR MIER MR B A 5 DN AFR 6 HL 1% B
17 18 25 W) FE fhitlen3 | tlgn3 ., tlgqn 117 38 K5 AL S tlem?2 |
tlmm]1, tlqm3, BOEE R AR A 2 X R SR AR 47, By LA ol % i
1.2.8 ZFEZRPCR¥ i FEOHT T 0 3% 5 | 4 A 3 0 B
PCRIFEATIE KR A B2, T3 0% 16 BRI P 288 400 R s B
EHEATY G, BLARYIEA A R R DL 34,
1.2.9 Miseq EERE AN F PCR™= Wi MG HE A7
i 3-S5 R AT B B A ) IR R R, B R AR A
A Y DNA K Bt . 7R84 £ () DNA B Br 3/ v 51 A BAL i &
CA” SR 3R i A B AL T, MR IE DNA K B
SKRENS I T “A” T FAMAC X E H2, I B 1k 3k iE B DNA
R B e, DNAR BEfE b AH % . 7 B EH T, %

Bl E2 0y 519 PR JF 5 K 5
Primer name Primer Length Sequences resource
LCO15363, IX 188444, AY359872, AJ224436, CP003403,
s6r  LUFUpstream: S-GGNGSNGAY TAYAAYCCNCARTGG-3' 436 CP012257, FN543093, CP003218, CP013962, CP006566,
“F i Downstream: 5-TAYTCRTTDBHNAYRTGCCA-3' KP325414, EU590652, FN424352, KF420202, GU323918,
EU585783
s LI Upstream: S-ACNACABAAYWINMATRCTGS W5 N3, CPOISE, CRODIS, CPOI22ST, FN543095,
FLow 0T - FN424354, EU513599,
|- §i# Upstream: 5-GGHGSNGAYAAYCCNGAVTGG-3 LCO15363, IX 188444, AY359872, AJ224436, CP003403,
TR e e 5-ASCCAHRBYGGHNBNGHNSCNSTBG-3 217 CP012257, FN543093, CP003218, CP013962, CP006566,
& : KP325414, EU590652, FN424352, D49537, AJ539085
106R  _LUFUpstream:s-CGYCCNGTNTAYGARGGBG-3' 406 D42077, DQ266449, CP012999, X80037, M63636,

[ Jif Downstream: 5-~ASTCCCAVAYRAARCCBTG-3'

EUS513599, FN424354, HM 178943, U12334, AB243756

K2 43tiEAPCR| MY EEHRIER

Table 2 PCR amplification conditions and system of four pairs of universal primers

FEIE A DNAY B BE
Sample of metagenomic

EIE7ER N

Primer name

PR

Amplification system

PR
Amplification condition

DNA
SiEE: 25 pL. Bk KR AEK8.75 ul, 5 x Q5 J il i 1 B PCRUEAT IR JC IR B2 19 458 %, BEPENY IR KR
Reaction Buffer 5.0 uL, 5 x Q5 GC high Enhancer 5.0 & 549, 52.5, 57.3, 61.8, 66.2 CH:5/ B . HAk K98
uL, dNTP (2.5 mmol/L) 2.0 uL, 51 F/R (10 pmol/ CHIALYE 2 min; 98 CAEPELS s, 1B k30 s, 72 CHEHI30
MBS/ L) 1.0 uL/1.0 pL, Q5 Polymerase (5 U/uL) 0.25 uL. s, 30MEER; 72 CCHE{HS min.

Intestinal content,

Total: 25 pL. Specifically: sterilized ddH,O 8.75

The annealing temperature was explored by gradient
PCR including 49, 52.5, 57.3, 61.8 and 66.2 °C. Initial

Enhancer 5.0 pL, dNTP(2.5 mmol/L) 2.0 pL, primer denaturation at 98 °C for 2 min, denaturation at 98 °C. for

436R intestinal mucosa uL, 5 x Q5 Reaction Buffer 5.0 uL, 5 x Q5 GC high
F/R (10 pmol/L) 1.0 uL/1.0 uL, Q5 Polymerase (5 U/
uL) 0.25 L
AEST7/N
375R Intestinal content, [f]436R Same as 436R
intestinal mucosa
[SE7/NE
217R Intestinal content, [i]436R Same as 436R
intestinal mucosa
SRS/
406R Intestinal content, [@436R Same as 436R

intestinal mucosa

15 s, annealing for 30 s and extension at 72 °C for 30 s,
repeated for 30 cycles; final extension at 72 °C for 5 min.

[AJ436R, H i K306 3R Bl Ry 274 21 B ]
Same as 436R (just change the 30 cycles to 27 cycles)

[@]375R Same as 375R

[7436R Same as 436R

R3 ETRIZITHI3XTE MG

Tab.3 3 pairs of universal primer designed secondly

Bl B2 519 PR P 5 SR 15
Primer name Primer Length Sequences resource

436 i Upstream: 5-GACTAYAAYCCGGAVCAGTGG-3' 436 RO FF . e . FLAT
T Downstream: 5“-TATTCRTTGGARATATGCCA-3' Bifidobacterium, Enterobacter, Lactobacillus

34 |- i Upstream: 5"“TRRGCAACGAATACGGSTG-3' 14 FLAT TR AR AT TR
N Downstream: 5-ACCATGAARTTSGTGGTSARCGG-3' Lactobacillus and Escherichia coli

194 _Fii#Upstream :5'-CCGY TSACCACSAAYTTCATGGT-3' 194 FUFF I AN AT 1
T iifDownstream: 5-GCBGAGGTGGADTGY TCCAT-3' Lactobacillus and Escherichia coli

NSV Chin J Appl Environ Biol http://www.cibj.com/
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Table 4 PCR amplification conditions and system of three pairs of universal primers

Bl RN 514 PR

Primer name Primer

Amplification system

P A
Amplification condition

SN . HAR . . igh-fideli Ty p p >
SR 25 L. HAARSH: /K11.25 pL, Q5 high-fidelity DNA polymerase 98 CHUAIE0 S5 HEFF 32 B 5F., TRER 250N

0.25 uL, 5 x Reaction Buffer 5 uL, 5 x High GC Buffer 5 uLL, dNTP (10
mol/L) 0.5 pL, #i#z DNA 1 uL, iE 514 (10 pmol/L) 1 pL, Sz a3

tlen3, tlgn3, tignl,
tlem2, timml,
436 tlgm3

¥y (10 pmol/L ) 1 pL.

324 [7436 Same as 436
194 [7]436 Same as 436

Total: 25 pL. Specifically, ddH,O 11.25 uL, Q5 high-fidelity DNA
polymerase 0.25 pL, 5 x Reaction Buffer 5 uL, 5 x High GC Buffer 5
pL, dNTP (10 mmol/L) 0.5 pL, DNA Template 1 uL, Forwardprimer (10
umol/L) 1 pL, Reverseprimer (10 umol/L ) 1 pL.

[7]436 Same as 436

[7i]436 Same as 436

98 C. 155,46 °C 30s, 72 °C 30 s, F-72 CHEf
5 min, S5 0E I E4 CIRR.

Initial denaturation at 98 °C. for 30 s; denaturation
at 98 °C for 15 s, 46 °C for 30 s and extension
at 72 °C for 30 s, repeated for 32 cycles; final
extension at 72 °C for 5 min; preservation at 4 C.

[F]436 Same as 436
[7]436 Same as 436

tlen3, tign3, tiqnl: f7iE N AP DNAFE S ; timm1, tigm3, tlem?2: 78 K5 IX DNAKE 5.
tlen3, tlgn3, tignl: DNA sample of intestinal contents; timml, tiqm3, tlem2: DNA sample of intestinal mucosa.

BEAWENE L SDNAR B, (i HAH®E. FHPCREFEME
R A i AT 2 Sk FUDNA R B, R B DNASC . 58 Bt
R G, B AR ALY, #5288 9¢ E Hlumina/\ bR
W R UEAT. MiseqZ: ZEPIALIN T i L IR AR 5 A=W FHH A
PR 7] 56 1.
1.2.10 ¥ EEREIHER OTURHE K FRHE: W H
Qiime R 1K K B JBE K F 0.9 79 J5 51 U9 4y 1~ F8 4 4 3 o
JG (Operational taxonomic unit, OTU) ", {EQiimer % [
Uelust ™56t e 91 547 52, Bt 45 BE 0T & INOT UK &t 76
Qiimerf {8 FHBLASTI® Jy 1k "0 1 1) 5 dhs I b A7 Ee b, 3515
FAOTUIR R FFIAY 22415 H.

AlphaZ BT X TRUEMREE T 5, A2 M50k
J I8 e AlphaZs R4, 4045 00 3 TR BLRE Y% 2 5 1 (RPREY% o
AW A B ANOTURY % it ) 19 Chaol 8 %" HIACES %5 "1
Ko e R 75 4 5T B (BRI A5 B B3 ) B = B 25 5% K/ ) |19 Shannon
550 Simpsond £, I F Qiime K 14 43 Bl X 4 A BEAR T
B R IRDUF AR . — M T, Chaolsk ACEFE B K,
FOATEYE ) 35 BBk =5, ShannonlSimpsontg # k=, & H
TEVE Z R .

25 RS

2.1 FE—REIEITPCRY EER

436R, 375R. 217RAI406R PU X} 5 | 4] 356 18 1F A A 1E P 94
FEAEATPCRY™ 1S, 52 3 320 B0 B PCRUEAT IR JCTRLEE (455
SEPEIIR KR BER49, 52,5, 573, 61.8, 66.2 CH5MNEEE, 15
FREE S A (3T5RAIITR TG, 406RFI436R F7304
PEIR) , NI BEZ5 3G, T A RR ST A S 1 0 5 1 1
Hi &7, ANBEH T 5 S2 5 43#r.
22 FETIRS|YNEITPCRYEER

WEFT R, 194, 32451436 =X 5 |9 755" 14 4 25 9 FokG
PEAE S B I B R4, NINAEWIRESL R, 436519
AT, HAY ST 0T, 324514 11945 | Hy 4B K4 38—
AFESD.

MORE AR FoR G, 324513 B A H A 45, HL 5%
IR BT 52 . 4365 19 R B — AN RE A, R 22, 194519
PRGBS BN, Je 2, Re Rk

E1 3%ti@ A5 PCRY EHEKE. CK: KK, tlen3, tiqn3, tignl: f7il
N2 PIDNARE B timml, tiqm3 ., tlem?2: Ji7 38 &5 15 DNAKE 5.

Fig. 1 PCR amplified electrophoresis map of three pairs of universal
primers. CK: Sterile water. tlen3, tlqn3, tlqnl: DNA sample of intestinal
contents; timm1, tlgqm3, tilgm2: DNA sample of intestinal mucosa.

23 WEMFEINS SR

194 324F1436 = XI5 W25 FL4 14t B RE 5 B Y 25 42
s, gL LML TS 2 A SR AR R S0 B R 50 B i
T AN e 27 FV B R BT 3 Fe BN 2 ST s e P I N )
FEah R, 3% 51 B 05 B, 275 L ik 98%L)
T, RSB I, 3RS AL 24y

P RORG R RE 5 R, 1945 R S IR 2, RS T
FEE GG B H i552.98%, BAKE: % 150.3%, #iH
194514 38 7 51 G A 2 18 EH B E R, A3
WEEE R, 4365 | W T, Fe 2 Ll ik 90% L I, Hik
JE32451Y), BT AT A 74.63%.
2.4 HROTUH

W AE R S TR AR T, A5 51 97% LA L AR BLBE 1Y
JEAER1IAOTU, 1IN OTUR R — AN Fh. a6, WA
PIRE S, U B tiqn AR, 1945 13R15456 1~ 0TU, 436514
G215 OTU. §-Hatlqn3kE &, 436543452154 OTU, 324
BHI3R15848OTU, Pil3245 | Ba W Fl 2 T-4365 | 4.

RS, P dmmIFE 5, 194519715 34814~ OTU,
3248|415 5528 OTU, 4365 |¥155)2140TU; 4 H#tlcm?2
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Table 5 Sample sequence number statistics

FER KB R MRS
S;[rjnpleh Sﬁ;ﬁl r‘"J% Ori;inal OTU Sequuenfe number ktﬁ']
source ample Primer sequence after excluding Ratio
number host information
Jpi  tanl 194 295221 291970 0.988987911
NZEY  tlgnl 436 57920 57864 0.999033149
Intestinal tlqn3 324 130211 128214 0.984663354
content  y1gn3 436 106430 106384 0.999567791
tlem?2 194 38252 490 0.012809788
tlgqm3 194 87356 311 0.003560145
W kG tlem?2 324 16952 7998 0.471802737
Intestinal tlqm3 324 19200 14329 0.746302083
mucosa  tlmml 436 36228 33710 0.930495749
tlmml 194 12292 6513 0.529856817
timml 324 81054 20255 0.249895132

tlgn3 . tlqnl: [ 38 N 25 P DNAKE 5 timml . tlqm3 ., tlem?2: Ji7 8 K 5 DNA
R

tlgn3, tlgnl: DNA sample of intestinal contents; tlmml, tlqm3, tlcm2: DNA
sample of intestinal mucosa.

FEG, 194819751624~ OTU, 3248|#)45 7134~ 0OTU; § 4
tlqm3EE i, 19484145 109~0TU, 3248|445 6394~0TU, i
3245 | Y Bk IECRE S RE SRS Z P AR B,

*6 HEMOTUH
Tab.6 Sample OTU numbers

GG 519

Sample source Sample Primer oty
T 18 N 7254 Intestinal content tignl 194 456
tlgnl 436 215
tlgqn3 436 215
tlqn3 324 848
7 18 K 5 Intestinal mucosa tlem2 194 262
tlem2 324 713
tlgm3 194 109
tlqms3 324 639
timml1 194 481
tlmm1 324 528
timml1 436 214

tlqn3 . tlgnl: JI7 8 N 25 PIDNAKE i ; timml, tlqm3 ., tlem?2: Ji7 i K DNA
B

tlqn3, tlgnl: DNA sample of intestinal contents; ttmml, tlqm3, tlem2: DNA
sample of intestinal mucosa.

2.5 AlphaZ #4447

AT AR AN Z M, T OTUE B MM
1) 4 A4 R AR R 0 S5 A I 5 R 8 48— E A7 B AL 2l R (R

“Jp AR ) |, DIAS IR 3 R B R 0 2 R 24

Se. RS, A0 Qiime 3K A4 43 B K B AN FEATH 5L iR AR A
PEAR L. WAV b 2 FE 8 Bt R TR, 3G 5] — B
tlqnl, 19454 Chaol fIACEFE 54543654 K, 1ii Simpsonil
Shannontg 4543651 9/)N, UiEH1945 | W AR GRS S 2 H £
A, (BRUEY B F AR &, i tdqn3ke i, 3245910
Chaol. ACE. Simpson, Shannond§ ¥ &l 454365149 K, Ui
3245 YR Z BEPEAL T4365149).

KRR b, [/ — 4 S timm 1971, 3245979 Chaol |
ACE, Simpson, Shannonf§ %5 [t 436519k (19459 Se i 78
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Table 7 Biodiversity index table

> s S =
FRnRIR P i JI% Chaol ACE Simpson  Shannon
Sample source  Sample Primer
ﬂﬁﬁ?\]ﬁ% tlgnl 194 64 148.6340 0.646427 1.883830
Intestinal content
tlgnl 436 37 54.8374 0.650091 2.131071
tlqn3 324 147 247.4541 0.762913 3.149682
tlgn3 436 14 41.0386 0.567230 1.489156
.
WERIR  goml 104 477 477 0.964769 6.296447
Intestinal mucosa
tlmml 324 101 149.0662 0.736811 2.776748
timm1 436 49 60.1768 0.475914 1.598624

tlqn3 . tlqnl: 38 PYZ5 YIDNARE b s thmml: [ 38 KGR DNAKE dh.
tlqn3, tlqnl: DNA sample of intestinal contents; timm1l: DNA sample of
intestinal mucosa.
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