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Bacterial diversity of the tartary buckwheat seeds from Liangshan,
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Abstract The tartary buckwheat, Fagopyrum tataricum, is one of the staple food crops in Liangshan Yi
autonomous prefecture, Sichuan province. As a new healthy food in recent years, there have been few reports on
the bacterial population carried by tartary buckwheat seeds. Here, 46 tartary buckwheat seed samples were
collected from the main tartary buckwheat producing areas in seven counties of Liangshan prefecture. The main
bacterial populations carried by tartary buckwheat seeds were studied by agar plating and using 16S rRNA amplicon
sequencing method. The results showed that a total of 618 bacterial isolates belonging to 10 genera were obtained
from 46 seeds samples by agar plating. Among them, Pantoea and Curtobacterium had the highest isolation
frequency (52. 5% and 20. 7% , respectively), which were the dominant microflora carried by seeds. A total of
279 genera were identified from the 13 tested seed samples by 16S rRNA amplicon sequencing method, and the
dominant genus was Pantoea. Through sample hierarchy clustering analysis, it was found that MNCQ-4 from
Mianning county had the highest community richness and diversity, while ZJ-5 from Zhaojue county had the
lowest community richness and diversity. Moreover, the results showed that samples from the same area had
different bacterial diversities. This study could enrich our understanding of buckwheat diseases and provide a
reference for seed treatment and disease control.
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Table 1 Information of tartary buckwheat seeds from Liangshan, Sichuan province

T T A 5 K /m U (R e
Seed sample Source Altitude Sequenced sample
YX-1 U1 35 L R Y LR B & AR 2 394.1 —
YX-2 ) L ek PG L AR B S ARAB AT 2 458. 4 =
YX-3 P L R PG B /R B S ARIB AT 2521.3 —
YX-4 P 355 L G EL IR 3§ & L A 2 520. 6 —
YX-5 P8 L R P L 7R B & AT 2 603. 9 =
YX-6 P ¢ L P EL IR B & 9 A 2 620. 4 =
YX-7 P L R PG L /R B & AT 2 515.2 4
YX-8 D) L R P L TR B S 26 o A 2 489. 2 —
YX-9 P L ek PG L /R B £ 8 ol A 2 413.6 =
YX-10 P L R PG B /R B & 8 A 2 234.7 —
21 Pt L A i L il & B 2107.9 4
Z]-2 P L i L2 il & BT 2110. 6 —
7J-3 DU 135 L ] B s EL G L b 3 A 2 476.6 =
Z]-4 DU 1355 L ] B s LG i b A 2 589.1 =
VARS) DL )] B L B i TR AT 2 650. 4 +
7]-6 DY) 1] % L ] R e B S b 3 AT 2 787.5 —
VAR DU L B B L AR T 2 743.2 =
7]-8 DY L B i B A T A 2 845. 6 —
Z]-9 U1 L P B B L A 3T 2912.3 =
ZJ-10 DU )1 58 Ly B i L i T 3124.7 +
XD-1 DY) L e L P Bk & PR A 2795.6 =
XD-2 DU 35 L EL S Bk & 1 A 2 645. 2 —
XD-3 DU 9 1 e L S Rk & s A 2 535.3 —
XD-4 Y )1 35 L - EL TS Bk & Y 2 583.7 =
XD-5 U1 35t L 7 B Bk & S 2 454. 4 =
XD-6 P9 L B Rk & kA 2 458.1 =
XD-7 DU )1 5 L A EL P Rk 2 1 2 448.5 =
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ZE3R 1 Table 1(Continued)

Fh-FHE Tl TR /m U (R e
Seed sample Source Altitude Sequenced sample
XD-8 D) L B Rk & s A 2 453.1 —
XD-9 DU 1] 35 L A EL P Rk 2 1 A 2 432.5 —
XD-10 D) L e L P Bk & TR A 2 408.7 +
MNCQ-1 DUt L 52 7 EL TR S i e LA 2 286. 4 4
MNCQ-3 DU L 52 7 EL R S ik e LA 2 286.4 —
MNCQ-4 DU L ) 5 L TR S i 7 LA 2 286. 4 +
PGEL-1 DU L A L T8 S SRV I R 2 015.6 +
KQ-2008 DU )1 Bt L 2 7 B [ 2 s g LA 2 286. 4 —
MN1707-893 DU )1 s 8 7 B 1B S i g Ll 2 286. 4 —
MGYE VU148 B L S Al L5 1 £ M BOR) 2 450. 6 =
MGQK-6 DU )11 48 Bt LM 5 Iy B 56 7% & A 2 450. 6 =
MGCQ-2 P48 B L 2 06k B3 1 & b BT 2 450. 6 +
MGXQ-2 DU 145 Bt L S5 2 B3 & M B A 2 450. 6 =+
MGYQ-2 DU )11 45 Tt L 3 0k B 567 & B A 2 450. 6 +
YYEL-1 V1148 L M R U5 LT S ¥ e 2 608. 2 —
YYYQ-2 DU 1148 B L R IR LT S W A 2 608. 2 =
YYCQ-3 DU 148 B L R R BT 2 i VR A 2 608. 2 +
YY1707-893 DU 48w L ER VR BT S v R A 2 608. 2 -
YYQK-6 DUl s L R R BT S W R A 2 608. 2 +

D i+ R AT o 3SR A3 700 0 s SRR TR L — 7R AT 2 B R A AR A TR

“+”, tartary buckwheat seed samples for isolation and culture and 16S rDNA amplicon sequencing; “—”, tartary buckwheat seed samples

for isolation and culture alone.

L2 AF5XF

LBA i 5.5 o/L BBk ¥y .5 o/L & AbLoh.
10 g/L JBEEHPR.16 ¢/L 35

PRI 126 NaClO; AxyPrepDNA #E i 811l
iRHF &, AXYGEN; Omega-soil DNA Kit, Omega
Bio-Tek; TruSeqTM DNA Sample Prep Kit, Trans-
Gen,

A : K30 B4 g iy, T =U1H i 5 . Alpha-
mager HP #EBE A2, H1650R B.0>HL (cence® JH]
130 s ABSON MiFly-6 /N ELOHL (G LA FRF} 2
IS PR FD S BREB AL (Retsch MM400) , MyCy-
cler580BR %I PCR ¥ (Bio-Rad) s ABI GeneAmp®
9700 % PCR 1% (ABD ., DYY-12 % f1 3k f% 5 DYY-
6C HLIKAL (AL st i /S — A48T, By HE I TL-
ASRCE M AAE D FHE A PR3 7D NanoDrop 2000
(Thermo Scientific) , {1 %% Y1 TBS380 (Turner-
BioSystems) , MISEQ ] 74 Tllumina Miseq (Illu-
mina)

1.3 SHEIEFLESE 16S rRNA ERFEFFEE

Iy R N B FE A1 P B LRI
100 K BLA K F ) 50 mL HEFEHH  ILALO mL JoH
K, B TRER PR 3R 30 min(120 r/min) , Z J5 W&
B2 mL JE R FHTC K- T 10 R A6 BE R R W B

WEIAIRAT T LBA 853838 B3R I E F 28°C
B g vh G RE3R . 2 d R P IR AR il TR E
W (3 2 00 2% = B4 B ) B/ o B Y B X
10020)  FEHEATA A 1 2l Ak oy B 5 55

TEA 2 U8 WP TE B RN TR G Sk
fIE A TS W%

DAY SE PRI L DR E E T 10 ul
TR FEA TR TE 100°C Ik 10 min B RE 145 5
DNA. Fl A 41 % @ f 51 4 27F/1492R (5'-
AGAGTTTGATCCTGGCTCAG-3'/5'-GGTTAC-
CTTGTTACGACTT-3) 51414 16S rRNA L5
%, PCRAKZ (25 pl)H:16. 89 pl ddH,0.2. 5 pL
10X rTag DNA R 4 W 2% th ik 2.4 pL. dANTPs
(2.5 mmol/L) 1 pLL E¥#5|#) (10 pmol/L) . 1 plL
TS 1410 pmol/1) 0. 25 pul. »Tag DNA R4 i
(2.5 U/ul) .1 pL. DNA Bifg., PCR K27 N
95 CHiAE P 10 min; 95 C A& 1 30 s, 55 Ci & 30 s,
72°CHEMH 1 min 30 s, 35 PFH; 72°C 4E {4110 min,
BTG H ARSI B RE S 700 (G ot 1o 3 1
BHE R A BRAFD 16 45 57 51 76 NCBI Chttps:
// blast. ncbi. nlm. nih. gov/Blast. cgi) ¥ & # #f
FT RGP H X
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1.4 ET 16S rRNA EEFEFNF S DT

FEATAL B 7 50 mL .05 BN A T § 2
10 mL ZI 28, B A 10 mL K & 7K. 1% e 3E
5 min, FFPEBOREL R 2R A .

DNA $EH, SCPEF g 50 734 - A A Omega-
soil DNA Kit X} 5 F 41 DNA #4714 $2, F 5 4%
16S rRNA V3-V4 [X 3838 I 51 4 385F/806R (5'-
ACTCCTACGGGAGGCAGCAG-3'/5"-GGACTA-
CHVGGGTWTCTAAT-3") #47 PCR #34, LI
SRS SR I K . W R B K G L T
SCEEREE . AT Miseq T, X 08 04 7 o 4 4 9 Ak
PRUL 25 i B R e AR A5 B & W A BB Ceffective
tag) » ZJa #EAT W) R E B 23 M, 348 OTU (opera-
tional taxonomic units) 43§t Alpha £ #£4 4#r.
Beta ZF 5317 .

2 HREDM
2.1 SEEFES 165 rRNA ERF I EEEF
MTETHEE

Xt A6 1y I Bl T 454 I Al AT o B R SR
AT 618 KRNt > Y. RIS FEMD T4Y)
FHE AT RN e EYSRIE T 10 AR 2k

T R

Arthrobacter sp.

AR 2 AT 1)
Lysinibacillus sp.

2R

Pantoea sp.

F/NT R

Curtobacterium sp.

ZFIAT
Bacillus sp.

i =VICA oY)
Sphingomonas sp.

W R 2E M FE W & Lysinibacillus, 35 FF 15 J@ Ar-
throbacter, 7 il #F W J& Bacillus. R 8 1 B &
Pseudomonas. 1 ¥ B J& Microbacterium. 7 # &
Pantoea 5 /NF i J& Curtobacterium ., 5 2, iz 5. i
HiJ& Sphingomonas. 25 2 M AF B J& Paenibacillus.
MR TH 8 Rhizobium, HAK 73 8 W) 49 16 7% 8 25
B 1 s, BRI 16S rRNA JEPH 741 5 NC-
BI - & 0 [0 T8 1) 4 B8 7 871) 14 B T 448 SR AR L 34
FE 9T Y0 LA b o T8 30 SR 40 1A 43 B I 4y B
R R S . 2 W R B B R A
52.5 %0 Ji/INKE TR T AR TR TR L SRR R 43
20, 7% .16.5% 5. 5%, FAMTERE L Hhy 4. 8%
(K 2),
2.2 ET 16S rRNA ERH EFUF SHMES T
K& FHFIET AR

2.2.1 OTU 447

X MBI 13 3 iy 5 A 4857 110 200 B 2 A 7
Y T 16S rRNA B33 7 I )3 4845 1) 48
HHEXI 43~ 19 4~17] (phylum) . 40 S48 (class) . 81
~H (order) . 151 M8} (family) . 279 )& (genus) |
430 M (species) , 3k 624 4~ OTUs,

B

Pseudomonas sp.

T T

Microbacterium sp.

R AT )R

Paenibacillus sp.

MR
Rhizobium sp.

E 1 RETFEFMFHARSBEWE LBAERE FNEERS
Fig. 1 Colony morphology of bacterial isolates from tartary buckwheat seeds on LBA medium
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Fig. 2 Analysis of dominant microflora from tartary buckwheat seeds based on agar plating

2.2.2 Alpha % H ¥ o #0

Alpha ZFEIE P HT 45 R B (GR 2) .13 8 5+
T RE 8 S 78 75 2R (coverage) I 7E 99 % DA F
0 I 7 R B R A v A7) R R o B B
Pl B S B HF S 0L, Alpha 2 FE M 4y #r b
ACE, Chao, Sobs [y 8 8K . 3% B 18 & b T &
1) OTU % H 8 2, W B 19 + 5 J& (community
richness) # & ; %5 4 » Shannon [ {E # K . Simpson
FA LA /) 10 B T R 119 22 A % ( commuunity diversi-
ty) B, R 2 MR,k B R T B AR
MNCQ-4 ) ACE(497. 85),Chao(501.70) , Sobs
(483) ,Shannon (4. 304 8) M) %X {H &% K, Simpson
(0. 043 6) WY fE /I Y] MNCQ-4 B 19 4= 5
JE 5 ZHEETE 13 nFh 7 AR R i R TRk B I
W OE B OFE B Z)-5 By ACE (162.22), Chao

P ZHE Pantoea spp.
SN B Curtobacterium spp.

P B Pseudomonas spp.

I AT R Microbacterium spp.
HAl Others

ETHBEEREMEREFNFEFTARNAEERINER

(130.40), Sobs (107) ¥ % {8 &% /)N, Simpson
(0.272 DREF KR Z]-5 WFEEE S ZH
PEfm/h, HR LI MHHESWAERHEFEES 2
FEPEAF MNCQA4 il Z]-5 Z JA] .,

Xof W FE AT A A0 B B ) i 2 R AT o A (A
3 EEREH] B g AW E . TR R
Methylobacterium R FEA M . LI H /B Mas-
silia J)JZTEIE Hymenobacter A 5 M TR 5 40 7
J& Cyanobacteria i /INFF TR & A 58 I & — R 5
IRH J& Burkholderia-Paraburkholderia . % % B H
J& Staphylococcus. G ¥F # J& Enterobacter. 9% W i
J& Variovorax . FeHZ T &  F AT 3R | i 2 e P
FEU R | Eh R TR R R R R R R AE 13 1y
FERPFREG P REBOR A I E . 2 R T R
i s N F BRI

F2 ETF 16S rRNA EEF & FNF KR 13 HEFHFIET AR Alpha ZEERITHERST

Table 2 Alpha diversity estimators of 13 tartary buckwheat seeds carrying bacteria by 16S rRNA amplicon sequencing
Sf:ciﬁrile C%i%ie Sobs ACE Chao Shannon Simpson
YYQK-6 0.998 7 202 251. 85 242.18 2.688 6 0.116 8
MGCQ-2 0.998 8 229 288. 44 299. 38 2.717 8 0.116 8
MGXQ-2 0.998 3 266 323. 97 329. 00 3.228 5 0.094 4
YX-7 0.999 0 225 278. 40 282. 65 2.443 3 0. 209 5
ZJF1l 0.999 5 178 192. 27 188. 50 3.492 4 0.052 8
MNCQ-1 0.998 3 246 342.70 325. 57 3.398 1 0. 060 1
ZJ-10 0.999 3 109 214. 83 147. 15 1.945 4 0. 265 5
YYCQ-3 0.997 8 337 429. 67 452.18 3.336 3 0.075 9
AIRS) 0.999 4 107 162. 22 130. 40 2.104 8 0.272 7
XD-10 0.998 9 201 248. 56 285. 00 3.086 6 0.080 1
MNCQ-4 0.999 0 483 497. 85 501. 70 4.304 8 0.043 6
MGYQ-2 0.999 0 243 268. 92 268. 16 2.843 1 0.147 5
PGEL-1 0.999 0 243 280. 65 284. 40 3.438 8 0.062 7
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B 7 #F 8 Enterobacter
YYeQs IR 2 ok £ 1174-901-12
B %2R E)R  Staphylococcus
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] 1 | | The seed codes are shown in table 1
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Percentages of community abundance at genus level

3 ET 16S rRNA & FUFEIMERA 13 M EFHFEFTHENYHARSTER
Fig. 3 Community analysis of 13 tartary buckwheat seeds carrying bacteria by 16S rRNA amplicon sequencing
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Z)-5 RAE— M oy — Ak B W B A Z)-1
W5k A T BAES MNCQ-1 B7E— 35k Q3%
W B FE S MGXQ-2 5 MGYQ-2 A — 32, ik
H 254 B iy R i MGCQ2 #1525k B I 2 )
YYQK-6 RAE—3, Hrp B 2 06 M AH 3 1) 5
ARES R AR EL A YYCQ-3 53k [ g B 1
PGEL-1,3k H %7 5.9 MNCQ-4 5 HAh ke 5 i 22
SRR, H5RUER 7T 88 MNCQ-1 22 7
K,
2.2.3.2 PCA 4#

X SRR A T AT PCA 438, 45 3R 3R W]
(55 2 A TR — > Hiu X0 Fh 7 o BRI 2 R 1Y)
Z25ME/N R B R TR HB X R R 7R i 25 SR (R
Hok H 22 7 B (MND iP5k 3 28 H (XD) iy F
T A Z A AR, o T B (MN) 1l B
(XD)Fh 7545 B (PG Fl 7 R HE (YY) Fh 14

MNCQ-4
YX-7

715
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1 ke
XD-10
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— 1 ever
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The seed codes are shown in table 1
4 ETF 16S rRNA 7 #&-F U F 380 13 955
MFETHRNERERR LR STER
Fig. 4 Sample hierarchy clustering tree analysis of 13 tartary
buckwheat seeds carrying bacteria by 16S rRNA

amplicon sequencing
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Yuexi county, and Puge county, respectively

5 ETF 16S rRNA & FNF X 13 HEFHFETHAEN PCA FIHER
Fig. 5 PCA analysis of 13 tartary buckwheat seeds carrying bacteria by 16S rRNA amplicon sequencing

3 Fit5itie

AT o> B R IR A N 46 Dy it 5 b 1
3L ME R 10 AN E A B H Pz s s 5
P A R . 12 B8 AR o A E AR R
Y, LA VO ) A e LAY S
ELH A RHEZ W Pantoea agglomerans BEW 5|
AT PRI AR A0 I I B R R A R v
Tl R S S L RS T 25 46 I 7 R T I B R
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Fig. 2 Linear relationship between peak area ratio and mass

ratio of allyl isothiocyanate and internal standard
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