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WE: [ B8] Wk Hippophae rhamnoides #35 F A F G M AEM TR, WARBANLAM AN Z4%E, WK ZHEE
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Construction of endophytic strain bank of seabuckthorn nodule and
an analysis of microbial diversity

WEI Jihua', LI Jiayi', LIU Hong', ZHANG Jianguo'?, LUO Hongmei®, HE Caiyun'

(1. Key Laboratory of Tree Breeding and Cultivation of National Forestry and Grassland Administration, Research
Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China; 2. Co-Innovation Center for Sustainable
Forestry in Southern China, Nanjing Forestry University, Nanjing 210037, Jiangsu, China; 3. Experimental Center of
Desert Forestry, Chinese Academy of Forestry, Dengkou 015200, Inner Mongolia, China)

Abstract: [Objective] This study is aimed to conduct an investigation of the microbial diversity endophytic
bacteria in rhizobia of Hippophae rhamnoides which play an important role in nitrogen fixation and plant
growth and research the construction of rhizobia endophytes. [Method] With the employment of 16S rRNA
high-throughput sequencing technology, an exploration was conducted of the relative abundance and diversity
of endophytes in Ulange wood rhizobia of Mongolian H. rhamnoides in Dengkou County before the endophytes
were isolated and purely cultured to complete the construction of endophytic strains library. [Result] (1) A
total of 96 pure culture strains were obtained by traditional isolation, with 4 phyla, 8 classes, 8 orders, 13

families, and 19 genera and Proteobacteria and Firmicutes are of relatively higher relative abundances in terms

Wk H A . 2021-03-22; &0l H: 2021-10-30

ST P EAROLREDTTEBEMO AT FT AR B B 588 % L 3T (ZDRIF2019)

YE# T/ BR4kHE (ORCID: 0000-0001-9582-2717), MFHAWH A5 . E-mail: tangowei@foxmail.com. @ {5 fF
#: fi% = (ORCID: 0000-0001-7155-9686), H75it, Wi+, MFFWAA IR FAEY K. E-mail:
hecy@caf.ac.cn


mailto:tangowei@foxmail.com
mailto:hecy@caf.ac.cn
https://doi.org/10.11833/j.issn.2095-0756.20210246

55 39 55 2 W BUAREST . VDAY N A AR R R SR E D 2 b 357

of phyla classification. (2) With an analysis of 6 groups of samples (M1-M6) consisting of 14 phyla, 34 classes,
89 orders, 148 families, and 314 genera by high-throughput sequencing, Actinomycota and Proteobacteria have
higher relative abundance, and the sum of the relative abundance of the two is between 87.50%—97.10% in
terms of phylum classification. As for the taxonomic level of the genus, the genus Frankia occupies an absolute
advantage with the relative abundance being between 20.12% and 74.81%, and the average relative abundance
being 51.49%. With M5 having the largest Shannon and Simpson indexes and M4 having the lowest species
diversity, both M5 and M6 have higher levels of species abundance whereas M4 species has the lowest
abundance. (3) The results of high-throughput sequencing and pure culture methods are significantly different,
especially in the taxa of families and genera. [Conclusion] Both methods reflected the diversity of endophytes
in sea buckthorn rhizobia, but the pure culture method could only isolate some endophytes, and it was difficult
to evaluate the species composition and relative abundance. Also, high-throughput sequencing analysis could
reflect the diversity better and lay the foundation for optimizing pure culture conditions for the isolation of
specific species. [Ch, 3 fig. 3 tab. 41 ref.]

Key words: endophytes in rhizobia; microbial diversity; 16S rDNA high-throughput sequencing; strain library

construction; Hippophae rhamnoides

U Hippophae rhamnoides AWM, &AL+ F Elacagnaceae V> il & Hippophae 175 W HEHEARN,
VER B RIIEAEY TP BT E BT . B2y . AMRBO SO R A BRI ST MME, TEK BORFE . IR
A= EE B A VD bt B BRI AR S IED T ARG R T VD AR A S A I A . R R
JOIE WU o B3 TR A S TEARE s B AR R PR AL (2B AV e | B IR R TR R R
BB, MG R AE YIRS Ty i E R LG SRR AT o s 3R, TR A SRR . B L A
PRRRPESED), 0 A SR T 90% DL ERIA Y I AN AT IEFRAE ), HIAA 5597 5 5 B AR HOR AT 1 R R
FERAE, SRR TR A K8 | B NG U ER S X R I AP 7 AR S MO, DL AR i &
D7 Ry BERY 16S rDNA F A 50 G B [ AL AL/ NIE KL rRNA 79 DNA P2 AT, AU ek 1 1%
S8 05 D ME LIRS AN AT B 5 AR A B0, B REXTRE S b 0 AR O T BEEA T HE Y, JR A R S R R
FEEZAE ML, AT S TP A D Z M AR B o 2B AR RTS8 VD AR P 2B TR A ) 24
PR 5 FREE OG22 LA KA AE W U500 T R AR B 2 0 R R B S 1

Ao 16S IRNA DT HARX VD BARE N A WA TR R, . 3285000 . o 2R3, B 2
FEMES AT . ZHIR 25 5 W3 vE oA, LRl D el ik 2 R 5008, s B N I E R
IR A A T % IR B LR AR A0

1 MRS 7%

1.1 #RRE

P R A & I P =S T N T i B I = R ES o N e B 23 0 S A R R L | A s RTINS W i 7
(40°29'34"N, 106°74'06"E), ZWIFEIXHEHK 1 054 m, 4EFISIRHM 74 °C, 2020457 7, WK T
P A VBN G My R AR VD BRI AR o o ZE BRI FEHD 10 mx< 10 m A9 X BRI FH AR VL E 9 i, 18
FAMEAETE RAFEEAE S M oot 3t 5 A G R ERVERE S OT TR G, IRiit e AEERE, Hhlansh
M1, M2, M3, M4, M5, M6,
1.2 DHRIREBNEENSBIESR
12,1 HARE A ARG B ARKYESCHEK [17-18] M7 kb & e, ol B N o Vb AR IR P9 A= B 14 43
B TR IRNT - SEHBUH SR AR, phutas R e vD, BRI A R T 43 ) B A AR Y R
M, MM, SEHEBDECN 95% MRS ORI 30 s, FAARTUECH 10% (R SR R
T K& S min, S TG K e Bk . K ueak -, HICHE M5 ] e UIBORE L3, FPk L 4
B 2~3 Oy R, BT RS 3R B v 28 °C IR AL E A R o MRIE A O 5Y, AR HE ST HL BAP™Y
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122 ikAksE M AR ST RIS BARIE N A DNA J5, X 16S tDNA 2K i#t17 PCR §”
o JPANEIYR A YU SR AR EE S 1 (51975 27F: 5-AGAGTTTGATCMTGGCTCAG-3',
1492R: 5-GGYTACCTTGTTACGACTT-3"), PCR A JZ WK Z N 50 uL, f13F 1028wl (KOD buffer)
5 uL. 2 mmol- L™ = B iR it 480 4% B 4% 1 BR IR & W (INTPs) 5 L. 2 [K 41 DNA (genomic DNA) 1 uL,
514 (forward primer) (10 pm) 1 uL, R #5147 (reverse primer) (10 um) 1 uL, DNA 4§ (KOD DNA
polymerase) 1 uL. #4fi7K (ddH,0) 36 uL. PCR W FEIF: 94 °C HiAE M 3 min, 94 °C A8 30s, 58 C iR
k 30s, 72 °C #EMH 1 min, 35 MEH, fJ5 72 °C M 10 min, AR ATE0CN 1% B BEGE S Lk
e ARy W5, HET PCR =Y EISCRIIN R, IS SOk [22-25] 47 URTARL S

1.3 DHRRENERNSBEENF ST

13.1 &5 PRV B S DNA 5, MRS 16S tDNA fR5F X519 (5149 51 335F: 5'-
CADACTCCTACGGGAGGC-3', 769R: 5'-ATCCTGTTTGMTMCCCVCRC-3"), 7E5I¥A Swin - 74
S, T EER R INGE XA AR B L 7 51 10 £545/28 5| (barcode/index). FHE4T PCR #7388 31X Ho p= 4y it
FTEAM O T & BORAE . s gl il Ay —ARJE B 3 SCPE A i SO e E AT SO ik, A
% 14 3% Tllumina HiSeq 2500 470072, g 38 530 7y 75 21 14 J5 b MG SC i, Zeidi s o pr
TR ELE IS, 455 LA FASTQ (RN fq) SCHF#E R AEAER,

132 W F#HEAE el Trimmomatic v.0.33 RS, Xob 7 45 21 (1 LU I 1 3 5 b A7 ad 9 5
AT cutadapt 1.9.1 ST S 07 A0 AU 5 250k, AR B S 5100 P 5 1 & BRI 1950 s AR5l
FH FLASH v1.2.7 #8442, 4% /NS (overlap) KJEH 10 bp. & X AVFAY R AR LN 0.2 1Y%
SR, AR S s T 0 — /N B A0 R B (reads) HEATHREE, 15 BIB9PHE RS B EE A B IS
()7 BRI 41 (clean reads); #¢J i [l UCHIME v4.2 8 FEY, %@ 3f i SR P51, S8 R4&H
BWOEAE . 1 Usearch 845 reads 7€ 97.0% BIAHALEE K N 47 5R3E, R4 E 85T (OTU)RY, DU
I B BB 0.005% 18 R BR{E I & OTURY. LA SILVA (http://www.arb-silva.de/) 2% ¥ 12 i F
FZE DL 20 B8 X R AR PP SR A T A3 R i B, I AR B AN RRAE X L I R oy 2805 8., BT #E & /K F-
(1. 9. B, B B F Gt EE A, R QUME B AE AN R 73 26K By FRESR,
FIH RIE T T HLHIRE S 022K T R BEE 25 ™, i QUIME #RAE X FE S o ZAEPETET T PRA AN
R (VR4 0.01). A Mothur v1.30 B0PFAI R i H T R MM B L. 22T OTU, X
FHINAL G347 775 F0 Bray-Curtis 595, {fi ] QIIME 24T AR AL F- 11 (UPGMA) 7304r, s dirt
an B A 22 57

2 HREAAH

21 SEBIEBTT (OTU) BESH M4 M5
fifi H Usearch #X{4:X clean reads #£ 97.0% [ AH 0 )
FEACE N TR, R 651 4~ OTU. 4 HE 8
OTU A~ 5 43 A 8 I ¥ 5], 5 M1~M6 53 il
551, 583, 579, 518, 593, 5894~ W 1 fin: 6
AR I A B OTUSL A 4174, M3, MS,
M6 Hornl A 4. 2. 9 NEEA R OTU, NEEmREA
OTU, HEAFE R oA A 5 B G 19 OTU 78

BT RMER . WERIAORTE , N [R) b A5 1 25 & 1] 0 0

) OTU 225kt /NF 3, BRI SRFE LB A B

22 MERESHS o SHEEHSH ‘ . o
S 6 2L RE 5 I 26355 810 039 X reads, W 1 Eéi%)(h%;;\g) RS A 5o o K ARAR T

reads it ¥ . D 4% J5 27 2 617 188 % clean reads. Figure | Petal im:ge of operational taxonomic unit (OTU) of H.

Hop i R =20 09 B o5 R B S B EE ] (Q20) A rhamnoides root nodule sample (M1 —M6)

M3 4
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98.7%, JFit =30 IBHFE G A BEEE LB (Q30) 4 95.4%, AN P it MR 2 AT L. £ kR 5
R Bk £ 1) V2%, R WIAEFRSE IR B b e B A0 SR B Wt T 2%, AEE A R AN 2 BE
YA RGN B 20, LR A B, BRI 6 ALRE S PRI N B 2R, T LR T AR
P31, M5 1) Shannon 1 Simpson F8 8 K (3% 1), ULIHYIF SRV m . [, M4 PR 2 RErE i
K. YR £ Jrm M5 5 M6 22518 K, B & KT M4 AR AR 5GP Fp 2 5 eI, FE AW
Shannon 1§ % 3 44 >4 4.24, Simpson $5 5 °F 27 & 0.70, Ace $5 5 °F ¥ & 585.79, Chaol 35 54 ¥ K
595.47, FEARSCIEF-YE 3R N 99.95%. 1A R AEHb A0 V0 BRI 0 A T R =E & 2 RErER R, &9
FhoyBCARX35), HAE R G BAR S T se /0 1R B,

600 F1 FAEERD o ZHEMHEIEH
<& 500 Table 1  Alpha diversity index for each group of samples
et 400 — M1 B Shannon Simpson Ace Chaol B
218}
R — M2 WH M EM M B9
£ 300 — M3
% 4 Ml 2.53 0.47 56845  598.57  99.95
ES 200 -
X _Ms M2 473 0.79 595.09  600.60  99.95
R 100 — M6 M3 428 0.75 600.58  607.45  99.95
0 ! ! . . | M4 2.52 0.44 54232 54352 99.94
20 000 40 000 60 000 80 000 100 000 M5 6.58 0.95 605.66 610.71 99.94
e A
il M6 482 0.77 602.63  611.97  99.94
B2 BHmimEris -4 4.24 0.70 58579 59547  99.95

Figure 2 Dilution curve of each sample

23 EEAIEFREREENF ST RIRBNEFTNFEEHMREER

WISEG BT BAP, JA. S, R — S5 A S 2 25 IR T bk 96 PR A TRIARI AT A& X
7%, HEkZ R R B ZE S8R, FEFREWE 1~30d BEEEG G NS REREIT o TFEE, LF
41188 H 13819 8@ 1EI I 72 /KN-43 0 22 L T ] Proteobacteria, k&[] Actinobacteria, J&
BETA 1] Firmicutes 128 B 18 |] Tenericutes. 7EJ& 178 25K 1, 96 ¥R & 43 J& T IR AK )& Mycoptasma
1 ¥k . 1B AR 8 Bradyrhizobim 6 ¥ . T IEAT & Agrobacterium 78k . Wi¥FE & Enterobacter 6 £k |
/NRUTR J& Kosakonia 8 #% . #71 TR¥T 1 J& Citrobacter 1 %% . 2 v [C i J& Yokenella 1 ¥k . XL K&
Erwinia 1 £ . 5B VEFE B Cronobacter 2 ¥k . 12 % J@ Pantoea 1 £ . BEH HE Moraxella 1 £ . STV
J& Variovorax 1 ¥k . ¥R B Herbaspirillum 1 £k . B MEEJE Pseudomonas 5 ¥k . 55 # )& Streptomyces
14 % . /NEFLTE JE Micromonospora 1 #% . JA¥F & J& Brevibacterium 6 % . %5 % BR 1 J& Straphylococcus
| BRANZERAT IR Bacillus 32t Hor, (E3TTRASTE R TRUERERE T, PLsiJa h 2EA0AT o 8 A a5 v s

e P T A B 6 AUREANIEA 14171 34 20 89 H 148 B} 314 J& o FFAHXT FEER T 0.1% 1915
AEXTFEBEHT 10 PR BEATIE R (B 3. 322, £ 3) B3 RN IOKF L, 6 4IRS oA 3= B i 1
FEONER R T TSI BT, A ERE 2 RN 87.5%~97.1% HR AT B 1] Bacteroidetes . FT B4
I"] Patescibacteria, JEEEW ], MRFTE ] Acidobacteria, 7EJ& /328K I, 36 22 50 R & Frankia 5%
XPOLH, ARXTERER 20.129%~74.81%, “FYIAAXE RNy 51.49% . WU RIEHE IR Rhizobium . JE [ FEFT
)& Steroidobacter. Wi H.ALTH & Saccharimonadales. WAAT G . 1ZTHJE . BROCICTR A |« 5 50 TR
J& Pseudoxanthomonas . $5i8 .M )& Sphingomonas . B ME & . F %A 5 #JE Azoarcus. 1A 5% K 1# &
Burkholderia. ¥ fi# )& Blastomonas. RHEFTH)E Congregibacter. $ B K& Rahnella ., #H %2 H # &
Chitinophaga . ¥ )& Dokdonella ., 585K K E & Prevotella. #5%i# J& . Microtrichales J& .

T, . B, B BrSaZoo, sy il e p A I R AR (R R /AR R ) R R 4l
B RJ5A M0 3,50, 425, 11.20, 11.38 F116.53 1% 1El TR L, AR Epk b & HoBs s i BE B 117
WD IEAE . TEIR/KT b, S FRpaikeb b LB iy 25 AT o s AN 2 T s i 7 il B
o ARG . 1206 L8 SR 25 Rk, U il s DU Y R W 2 e b R e S, BT Al
WOk MBS, VO N A A B RV S5 A T O B 2, BRI NS .
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Figure 3 UPGMA clustering tree and the species distribution histogram of the six groups of nodule samples are combined drawing
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Table 3 Relative abundance of microbiota taxa at the level of genus

£2 DHREMERIKFHOEN ST ok GEALFEH K O RIATF1E/%
Table 2 Relative abundance of microbiota taxa at the level of phylum M1 M2 M3 M4 M5 M6
S OLLRF Al AEN IR /% H2VCHIE 72,62 4445 49.50 7481 20.12 47.41
Ml M2 M3 M4 M5 M6 S EEs) 117 197 289 204 313 413
WERHTT 7355 47.56 5124 7609 2773 57.68 R BERT R 073 083 1.05 220 7.9 287
WIEEIT 2238 4191 4163 2101 6035 29.82 W EA AL BT 028 561 385 071 141 1.68
WAFHTT 089 142 130 040 218 442 o 693 219 1.05 008 022 040
FFERT] 031 566 389 073 142 172 2R 0.63 519 469 001 005 0.1
JEEERETT 218 274 130 121 218 442 W R T 0.60 4.66 3.77 0.0 0.18 0.23
AT 015 026 042 018 116  0.53 BREGERHEREE 085 198 1.67 075 356 0.68
HoAts 054 045 022 038 075 060 Ly R N oS0 039 1.06 210 155 210 1.64
i EA L BT ) 051 127 560 003 021 0.09
Fifil 1529 30.79 23.83 17.72 61.83 40.76

3 Zi5itit
3.1 it

fEiz MGG oy B A B R A e, e B ali s R bk 96 bk, )@ T 4171840 8 H 135
19 )&, RPAGH S QBB E, WTRBR KT IR ST oh 22 SO R B IR MR AE KBS, 5 e L B R
R, IR R IR BB B35 52 5 5 1537 05 1 LB AR rh HAB TR AR I B9 . FERUEY Z e, T
WM IMUEM R A2 h, SRR E SR, 8H R HAEMAO k1708 %5 2 s o 45
1B, FZZEYFMOATC, ERFSEDFER, B LR FHEHE AU T2 L 5025 R 5 ] 1 22 5

e o A A I B 1477 344 89 H 148 B 314 )R 7EIT. AN H. B BB KR
rh, e I I A N SRR (R N /2 3R ) AR UG Al R 3R DT VA 3,50, 4.25. 11.20, 11.38 Al
16.53 {5, SAEIGFRFPAR DI RMRAT L, S il P o A 45 R S hn e 8 M iR 7R 1 VD BN IR N AR TR AR )
ZAME. mIEEIT RV RN SR L, RS R = B i R R A T TR & 1T, W
FAXTFREZ RN 87.5%~97.1% . TEJRI4ZKF L, 3022 e IR @ e X L, AEXT R R 20.12%~
74.81%, FEIMXTEREN 51.49%.,
32 itig

K e M AECS R R AR DO S BT H AR L Tl AL PR S AR 06 A M D R R N A TR U ) 2
FEPE AT AT, e 38 e D A5 A TR ) AR i TASIR SR 25 51, UiV R N A TR U E ) 2
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FEVEZ B MRy . AR 1E R R AR RIME S 2P N R AR . AT U RO T
NS 5 2 BAT VD BN AT, SRAE M TR AL 35 T 5 A R AT P A B 2 R A e R

J& T AR S} Leguminosae A8 VD IO 42 [ U0 202 DA 22 s IR s o £ 5197 UE Y —i:
Yi—t HARA R o s I BT R s O 2 R T LB, SRS RAL GE 0T 1 AR A
PIAEET IR bR, X T AEE R TR T B = SRS 5 W) I el S A T R s S A7 A 2 S B0, BN
B TR AR | 25 R R T I T 4 o JFCA B AR Y S AR R AR B R AR, B — R B R A LA
SEMULAE S5 o ABESERY 3R] . iR B R SO R R S AU E A AR R A RO R, OF LR
A7 AR R INRE ST, JE 2N B — AN A — B TR 5 i OGS A (0. /DR AR 2R B, (EAe
HEAB A A KA TR i i L3 h 2 i B 3 i Il e 2 MO BE A9 e, B R T ol 22 S IR AR e, {HR:
/N Bt R PR DR B R 9 22w PR R A A R BRI o YDA WA TR, MRS R 1R e T X
AR A . BF5ERY W] R Spirillum . ARV R | TR B SCHN R S o 22 e IR
FAAE SR SENE (R SE 2R, VAL 3D FBIILET R . RAFL Poaceae HH 4 b & 4 [f] 2 AH 5C ) 24
I, ABAESARITRE A 2 AR TR -5 o 22 v F R AR A AL 1 R T
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