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Identification of "N-DNA enrichment sites in DNA-SIP to reveal functional genes by ¢PCR from sugarcane—

soybean intercropping soil
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Abstract: Using DNA stable isotope probes (DNA-SIPs) is a reliable, new technique for studying the nitrogen cycle. To identify indicator
function genes of "N—=DNA enrichment in ultra—high—speed centrifugation in a sugarcane—soybean intercropping system for DNA-SIPs, the
relative abundance distributions of six nitrogen cycling functional genes in the DNA of different buoyant density centrifugation fluids were
detected via real-time PCR (qPCR ). Through the analysis of the relative abundance of nitrogen cycling functional genes, the gene abun-
dance peaks of the nifHl and amoA genes in sugarcane—soybean intercropping and soybean monoculture were shifted in the "N marker group
and the control group, the gene abundance peaks of chid were only shifted in soybean monocropping mode, and the abundance peaks of
nirS, nirK, and nosZ did not shift with either planting pattern. The results showed that the nifHf and amoA genes could be used as indicator
genes to effectively identify DNA-SIP technology "N-DNA positions in sugarcane—soybean intercropping systems.
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Figure 1 Schematic diagram of "N label and root separation in pots'”
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Table 1 Primers and qPCR conditions used in the experiment
Target genes Primer names and sequences(5'—3") Product size/bp PCR program References
nifH nif H-F: AAAGGYGGWATCGGYAARTCCACCAC 458 95 °C,30 5;40%(95 C,55;55°C,305;72 °C,60 s) [23]
nif H-R: TTGTTSGCSGCRTACATSGCCATCAT
chiA chif2: GACGGCATCGACATCGATTGG 409 95 °C,30 s;40%x(95 °C,5 5355 C,305;72 C,60 s) [24]
chir: CSGTCCAGCCGCGSCCRTA
amoA amoA-1F : GGGGTTTCTACTGGTGGT 491 95 °C,30 s;40%x(95 °C,5 5355 °C,305;72 C,60 s) [25]
amoA-2R : CCCCTCKGSAAAGCCTTCTTC
nirK nirK=1F: GGMATGGTKCCSTGGCA 515 95 °C,30 5;40%(95 C,55;58 °C,305;72 °C,60 s) [26]
nirK=5R : GCCTCGATCAGRTTRTGG
nirS cd3AF:GTSAACGTSAAGGARACSGG 425 95 °C,30 5;40%(95 C,55;55°C,305;72 °C,60 s) [27]
R3¢d: GASTTCGGRTGSGTCTTGA
nosZ nosZ-F:CGYTGTTCMTCGACAGCCAG 454 95 °C,30 s3;40%x(95 C,5 5560 C,305;72 °C,60s)  [28-29]
nosZ—1622R : CGSACCTTSTTGCCSTYGCG
{8 I pMD™ 18T Vector Cloning Kit (TaKaRa Bio %2 MAEEEE qPCR ¥k &
Inc.) i F &% Uk gifb )5 1 PCR P21 5 pMDI18 LN Table 2 qPCR reaction system of functional gene
ﬁ%ﬁé i i@_ﬁé}i@ﬁg% j’\] 1 pl pMD]S—T Vector, z@’f‘k used in the experiment
. S IR = 128
DNA 4 pL,Solution T 5 pL, B AR 10 pL. A ML AR
e SEL. Y SYBR Premix Ex Taq 1(2%) 10 1 x
1.9.3 FBURiHE O HHE DLHGHA
{ﬁ J MiniBEST Pl id Purificati Kit Ver. 4.0 PCR Forward Primer(10 wmol-L™) 0.8 0.4 wmol - L™
iniBES asmi urthication Kit fr' : PCR Reverse Primer(10 wmol - L™") 0.8 0.4 wmol - L'
(TaKaRa Bio Inc.) 5t 2 £ 18 551 5 X6 F1 W 2 47 o kr ROX Reference Dye T1(50 %) 0.4 1 x
PRI 44k . F NanoDrop™ 2000c 1 it %8 b3 DNA B4R 2
H 31 (Thermo Scientific, DK) il % Jit 7 DNA ¥k £ 11 KK 6
A ¥ MR AN A BRI DAL Total 20

J5t R #5 D1 KL (copies » pl!) =6.02 X 10 (copies *
mol ™) X JFURE K BE (g WL )/ B0k 431 (g mol )
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MR, 18 ] SYBR® Premix Ex Taq™ I1(TaKaRa Bi-
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Time PCR System (Thermo Fisher Scientific Inc. UK) |
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714 B 2 2% DNA wh D REJE A #5 DL 4L, £ 17 qPCR 44
VRS, X PN ARIC K Z A N BRiC RS/ RE ]
DA KA 55 N AR IC A8 R 52 A 0 BR A vh & 7 ) 3
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YR AL o b v 2 {0 D) B s TR 1) B R R 4 T
KL FEAT 10 15 B, 8 DA BB B, 8 D BB 3o
S RN TCTE 25 8 T /KA g B S IR Z IRR 1
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TR K AT P B DR AR R 2 B2 3R BIVAH [R] A B v 4% 2

2 DNA P48 DUEC S i A7 2 20 b d R AR TR 95 DL
(4 AR
111 ¥R

iR 56 B K 5 B9 B35 {6 ] Microsoft office excel
2013 H1 SPSS 23.0 JEATAH S0 AT SR &, Ak P22 [ Y
-4 22 55 K One—Way ANOVA HLIH 7 25007,
P<0.05 &8 & 25
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2.1 EHRLEERPNEALREFE

AT Ak PR AR R - S i TR R R 2 e
F (K 3), Fric HrE b 3R] 4R A0 1A R 2 B3
R AR S AR ] A il R4 G 00 81 2 v ) N R JE
HARE 5 T XML (A4 BEAY ON R R R
T AR R B O B AR SR ]
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Table 3 8"N of plant and soil in different treatments
ab B K b3 KR KGR+ R 13 TIHEAR
UN-EAAE 541.48+4.83a 123.41+5.24b 9.66+0.25a — —
PN-[]4E 576.02+64.86a 179.17+16.70a 10.05+1.36a 206.04+2.23a 26.64+5.69a
HKhrid 0.57+0.34b 0.43+0.03¢ 0.52+0.02b 6.87+1.27b 1.36+0.33b

B R T BRI, B 5 /INE 53 32 5 R F Duncan 136 25 5 5
R c A B 5 AT

2.2 hEEEE PCREE "N-DNA BEENE

A4S Ab B A R G AR PR = 3R A ) DNA AR A,
SR RE PR 4 S P 5 | W) 5 6 DR R TE A RE
PIFEA [A] CsCLTF 7 %5 B2 22 9 v (R 4 DUESC, s it 4y 5
PR 4 DL B8 5 Ak Sk 1y R 3k PR 6 = 8 I VR R A #
AN TR A B AR 2 5 2T D) fE AR X S BE Bl A T
5 FE TG R XA S AR S R i N A TR AR Tl )
2R, 25 IR 5L RIAE A [R5 B J2 0 o3 A 22 58
K AHHR B b TR R (1 2) o DRI %% A
JEE 53 2 HE S R D RESE PR (9 A X T2 B o, TR [ R
T2 04 nifH BE IR (1 2a) FRFE S A0 30 B2 amoA JE 1R (4]
2¢) LIS SR AE HRE/R G E IR & K G B EA B, FEAH
XoF = B R W O B 1) 5 2 L KT HR A 3R A Y S ) O
%, UN AR Y R AL X ngfH R AR R S A
g BLAE 1,723 g-mL BOTF S 2 TS LT R
P nif H 55 DUREDGE = B2 e 0t BAE 1,713 g-mL 32 )
EREE A B 22207 0.010 g- mL™ 5 amoA FE
PRITE N At (%) 79 o A A A 2 b R X = B vy 0 o LA
1.718 g-mL " {7 1% B2, TS X BRI amoA SE[H
AR B s IR AE 1.713 g mL BV I B RE 2, P
A2 E I 0.005 g mL s WEEA HLEG ki T
1 chid BE PR (1] 2b ) AH G =F B2 v I 7E PN ARIC Y K B
1 b 3R b 55 2 HOXE B2 A AR AR RS, O BRLAE A B Y
chiA 55 DRURH X 3= B2 oy e (IR AE I 1% B2l 1718 g
mL RJZGR, S HOR R rb 35 DR A G 3 B g WA 17
BN 1713 g-mL O Z G, AN 290 % 2274 0.005
g mL™, 17 PN AR T 9 [ b 38 5 2 Heox) BE 2 v
AR B v W A 5 R S AL R A narK (T 2d) |
nirS (& 2e) Fl nosZ (A 26) Be R A, AR I8 AH XoF 3 B8 o s
DL BN , 2 HXT B2 L PR AR G = 32 v U i e o2 77
5 BE R T PN AR IC Y LR R B A A B, B A A T 4
A o

W

7
A T A i ] A7 2R S R0 E 4 2R mAL AR Ak B

F(P<0.05) “—"F/RAMEME , UK AFRICHIE, K IEH A

HON R R E TR, RS A AR Y N B K S
[ AL W s 2 55 R BR ARG, 38 2 AR 2R 404 4 i
FET VR A5 )y R B - 4, E A IR R R,
2+ HERUAE WO AR S B TR B E R SR
EH IR GRERGE h EARR LR, NI,
B SN B I ARiC EIVEY) | 30 K SR W, IR Bl A
Y 5 A e

fdt i DNA-SIP 4 AR 73 B 9l b ic 19 LA A 9
DNA, Ff- 2% H qPCR A AN [7] 3 77 %5 B )2 9% DNA HhA
FAGA T REFE DR (A AH T = B2 A4, ik DRUAH R =F B2 s 1
R PG DNA & R &, PRI m) A 4 i
DR AR S = 58 i (14 457 B ) BT DNA 76 B0 0 P s S
. 5SHXTH4] N-DNA 1 EL , #FR1C 9 "N-DNA
BRI b N AR IR R R G G X
TEAS [ F7 7 %8 B B X v 2 %, A, B3 3 %) b
if HE Ak B 55 A5 0 A BT X6 1 A 2y i 3 R AR G
T UG A7 B I R AR i N—-DNA 5 "N-DNA 43 5 1%
B, A% B2 S AR c 2 b T R 3k DA X = B e 04 i
B, WA 2200 oy, L3R DR AR X 2 B 1 e T ) g )
B S RNy PN-DNA 54 D, seZ A B
R,

nifH JE T amoA JE BRLAE T TE/K SRR AR 2
BN AR F AR SN AR A B A S DR R X6 3 R e (7
B 5 S O A BEAEAE B B 0w , D136 B nifH
FE DN amoA Fk PR BE 8% 3 WA 41 W7 H 1/ K R Tm) VR D oK
THA/E DNA-SIP 1 SN-DNA & 27 & . chid JEFAH
X = B W AFE N AR IE Y K S AR AL B 5 2 X
HELHAFAE AW AL | 1T N bR i 19 [B] /R Ab P55 2 He X B
Hp R DRURE X 2 3 e A T B, PRI B chid SE1R LB RS
We 5| B b BN DNA-SIP Hf “N-DNA & A 5, i
3K ot SR 1 D DAL AT A S R [R) S ) O A,
A B A AR 2 (R BR A B /DN, R B - 4870 ) DR i 1 458
N YR R B E S o nirK  nirS Fll nosZ 1E N
Xof FE 2 5 DR X = B v g JOT ) 17 V7 0 % B v T PN b
TP LV AN [ VR A B, 5 9000 4 B 45 SR 2, Buckley
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Figure 2 Distribution of the relative abundance of functional gene in CsCl gradient
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