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Isolation and identification of Hymenobacter sp. L28 for rapid
propagation potato plantlet

LU Xiao-Pei TANG Kai LIHeng CHENG Yong-Le YANG Shan-Shan
GUO Hui-Ling GUO Hui-Qin YUN Xin-Yue FENG Fu-Ying"

Laboratory for Applied and Environmental Microbiology, College of Life Sciences, Inner Mongolia Agricultural
University, Huhhot, Inner Mongolia 010018, China

Abstract: [Background]| Hymenobacter is dominant in bacteria in adverse environment (e.g. desert soil
with nutrition poor). The research on this group has focused on the isolation and identification, yet until
now there no the plant growth promotion is studied. [Objective] To isolate and identify bacteria from the
soil of Desert Hunshandake, and evaluate the effect on the growth of potato rapid propagation plantlet.
[Methods] On selective media, spread and streak plating was employed to isolate. For the primary
taxonomic identification, 16S rRNA gene was PCR amplified and sequenced and the similarity and
phylogeny were analyzed, combined with the basic morphological, physiobiochemical characteristics
analysis. The plant growth-promoting traits were characterized on selective media or colorimetry. MS
media was used to assay the effect on the growth of potato rapid propagation plantlet. [Results] A bacterial
strain, designated as L28, was obtained in this study. Strain L28 showed the highest 16S rRNA gene
sequence similarity of 96.46% with Hymenobacter koreensis GYR3077". The strain possessed multiple
plant growth-promoting traits, including nitrogen fixation, Ca;(POy),-P dissolving, phytate-P degrading,
indole-3-acetic acid (IAA) producing (7.51 mg/L), siderophore producing (D/d=2.47) and
l-amino-cyclopropane-1-carboxylic acid (ACC) deaminase active. Compared to the uninoculated, the
inoculation of L28 markedly increased the plantlet’s node number, height, root length, stem length, dry
weight of root, and dry weight of stem with the increments of 28.57%—234.94%; for transplanted plant, the
inoculation of L28 significantly elevated the number and weight of potato tuber seed with the increments
of 40% and 181.87%, respectively. [Conclusion] Bacterial isolate L28 from the soil of Desert Hunsandake
belongs to the genus Hymenobacter, and has multiple plant growth promoting traits. The strain markedly
promotes the growth of rapid propagation potato plantlet and the development of potato tuber. It can be
used as a plant growth promoting agent and has important prospect in potato production.

Keywords: Hymenobacter, Potato, Rapid propagation plantlet, Plant growth-promoting traits
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Mt J5 2 FH B R 28 7 22 73 B (one-way  ANOVA) A1 i
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FEE3R 48 h Ja, WEIESEHENRTE . %ot
T RIENRIE . B iR,
2.1.2 L28 BYERA B4 (LAFE

FEfb A FAE AL ARAE (R DR BFPE L28 A
TV A KR BE S L (439 °C), A BAE iy ER BT
ZLHE (NaCl, 0%-0.5%), pH 6.2-8.0 Jg A K3 )i
T ANREKAR IS, G R I 5 il 5 PE M
2.1.3 16SrRNA EEFIRERFZLE S

TS Rk L28 19 16S rRNA KE[H A BL K
R 1 241 bp, ZFHN S FN Hymenobacter
koreensis GYR3077" HIALIEf R, H 96.46%.
FRE L28 19 16S rRNA JE[H7E GenBank [1)% 535
N MN826717. RGEK B rai (& DRV, &

Ko s

i

R 1 EHK L28 RYERRE 3B 4 LA AE

Table 1 Basic physiological and biochemical
characteristics of strain L28

Characteristics Results
TERA R MUK f# M Arginine dihydrolase -

K Urease _

B RIKf#E Aesculin hydrolysis +
HPIREL A Nitrate reduction +

A e K f#: Hydrolysis of gelatin -

7 ZE % Maltose +

R B Acetylglucosamine +

BRI H7{F 8 Arabinose W

H &M Mannose W
B-2 LA H i B-galactoglycase +

pH (optimum) 6.2—8.0 (7.0)
NaCl range (optimum) (%, W/V) 0-0.5 (0)
Temperature range (optimum) (°C) 4-39 (25)

TE: +: PAPESCRERSFIRT; — BAVESCRARERIH; W 55fAME.
Note: +: Positive (growth or reaction); —: Negative (no growth or
no reaction); W: Weakly positive.
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icHymenobacterjeollabukensis 1-3-3-8T (LC315197)
46 Hymenobacter gummosus ANT-18T (NR 159132)
Hymenobacter paludis KBP-30T (NR 148823)

Parahymenobacter ocellatus Myx 21057 (NR 044943)
Parahymenobacter ocellatus Txo1™ (NR 119295)
Hymenobacter coalescens WW84™ (NR 151971)
Parahymenobacter deserti ZLB-3" (NR 044463)
Hymenobacter oligotrophus sh-6" (NR 164978)
L28 (MN826717)
Hymenobacter koreensis GYR3077" (NR 109493)
Hymenobacter persicinus 1-3-3-37 (NR 164953)
100 I—Hymenobacter algoricola VUG-A23a™ (NR 116200)
Rhodocytophaga aerolata 5416T-29" (NR 116118)

A
0.0100

1 H#k L28 EF 16S rRNA EE MRS L B

Figure 1 Phylogeny tree of strain L28 based on 16S rRNA genes

T SR SFRITIIMN GenBank 5355 73 3CRUAMUBR KT 50%M15 (1 000 R E AN E 43 1); 0.010 047
RFFHIE S 5 5 4 Rhodocytophaga aerolata 5416T-29" (NR 116118) 4R ; B Parahymenobacter WRHH it % [ bR
U7/ E ¥k e A NGB ST

Note: Numbers in parentheses represent the sequences’ accession number in GenBank; Bootstrap values higher than 50% are shown at
branching points (expressed as percentages of 1 000 replications); Bar 0.010 0 represents sequence divergence; Using Rhodocytophaga
aerolata 5416T-29" (NR 116118) as the outgroup; Species of Parahymenobacter yet unauthorized so far by the International Committee
on Systematics of Prokaryotes.

PRL28 AbFahsr 4y, H 5T HIMIESR LR
BAst, KEE 128 nREICEKE Hymenobacter
JE& ) —ASHTp .
2.2 EHRL28 {REMIRSR
PR L28 BETELFEI: 1 [ AL Ashby B3R BEA0 LA
Ca3(POy), BHE B2 Ay il — Wi IR A [ A s 77 5 12k
KR, R EAT R E A . I —
Cas(POy), FIAHLE—HEIRWEIIRE T ; TRAR L28
AP IAA, SRR TAA VR AT 35 7.51 mg/L;
A ACC JBEFGIEPE; FBRE AR RE ) B (R a2
B EHAR SR EAR L Did h 247); REA ™
NH; (WEEJT. ATIL, WPE L28 EHA ZFEY e
A PRIR HAHDCRE T B0 A TR AR
23 Eik L28 RADHEBREFREKIMR
FERITAME 128 fig W (i s 5 T A H5 R HL Y . . A St L Lt oo
Eﬂ%@%lﬁ%%&%%ﬂ@iﬁ(@ 2, & 2): pL28 Gﬁﬁ: gireif%l?;fi%lieﬁﬁEfa?izqfliiaioin*;(lij:} plantlets

R L28)ALFIAH . CK CGRFEFE A B RR & . HR grown in tissue-culture bottle
KRR 2L AT RS T 4 e : CK A pL28 Sl fCRARALRI ARl L28 AUALHL.
N ViR N N N B

Note: CK and pL28 represent the nothing-inoculated and strain
79.47% . 36.03%. 28.57%. 31.73%. 234.94% . L28-inoculated, respectively.
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Table 2 Effects of L28 inoculation on the growth of rapid
propagation potato plantlets grown in tissue-culture bottle

Ei=t7n CK pL28
Index

¥R Plant height (cm) 4.75+1.35b 8.53+1.43a
R4 Root length (cm) 5.86+0.98b 7.98+1.35a
7 58 Node number 7+0.71b 9+1.22a

25 Stem diameter (mm) 1.06+0.06b 1.40+0.12a
T E Root dry weight (g) 0.004 15+0.005b 0.013 9+0.003a
24T Stem dry weight (g) 0.016£0.006b  0.019 6+0.004a
. CK Ml pL28 Zp il UL Fh A AN L28 RYAbI; Rl
P AL AP bR R 2 BT P=0.2>0.05, Ik
MIEZS G301 5 NG TR 0.05 22 5 B KT

Note: CK and pL28 represent the nothing-inoculated and strain
L28-inoculated, respectively; Data are presented as Mean+SD;
The normal distribution for the data was tested with

P value=0.2>0.05, following normal distribution; The lowercase
letters indicate significant difference at the level of 0.05.

84.75%, ZE5ikF| T W E K (P<0.05),

FAk, pL28 T EE M E R M 5 Ak
TR SEETA L CK PR L 19 8 IRZETEH K
Pl B PN T A A B (R 3 R 3), A dilde
BT 4.97%.8.77%.6.62%.53.10% .40%.181.87%,
v ) B N R 22 AR OA B T KR
(P<0.05).

3 DHREREHIHEKER

3

HAiTCHGE Y Hymenobacter Ty 65 A1
Hrp R 202 3 85 T B W B i 3a (T 5 . I
T R RS SMR ST S R, HA BLAE LA
Tt B 1 A 1O AR i DAV S 2K S U 43
AL ) —PRANTE L28, BE T 16S rRNA JE K 7471 i
RAERE I/ RIIZE S Hymenobacter )Y
T2 (B 1), A LR TR V% 8 25 DL R BR it 28 3 A
EFHIE (R DWW S5IEZ%M Hymenobacter koreensis
GYR3077" &5 M1, H 16S rRNA JE[H F 41 5
H 3T 2 04 1 41 R R PR ARG T 48 L F) 4 R Aol 26 Y
Cutoff {E(97%); kil 2k B AE AL RFAE P BAF 7E—
SEPE S (AR AR L28 ANREOK AR, i A A AT
PLy; FERRRE M L28 HA ZREY 0 A Fetk B
feAERE R, RS, X A JC
TR IE

ME S Y R T EEY R, &
KR TAA) AT REAT Y A LAY 5322, AR SRR IR
RKE; ACC B2l T B L 04 i,
LA AT BT kA A SE T, A B T
Wik ek R B R R AR A S R
Gi b - B RIDR M E P AR TR

Figure 3 Profile of rapid propagation potato plantlets planted in pot

i CK il pL28 23 RFRILFI A 128 B4k B

Note: CK and pL28 represent the nothing-inoculated and strain L28-inoculated, respectively.
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Table 3 Effects of L28 inoculation on the growth of rapid propagation potato plantlets planted in pot

EED CK pL28

Index

¥k 15 Plant height (cm) 14.57+2.07a 15.343.14a
Y 5 %% Node number 14.25+1.08a 15.5+3.35a
R T Root dry weight (g) 0.151+0.13a 0.161+0.05a
22T Stem dry weight (g) 0.113+0.09b 0.173+0.15a
Fh 2 HE Number of potato 5+1b 7+la

Fh 2 E & Potato weight (g) 0.193+0.95b 0.544+0.25a

{E: CK I pL28 3 RFARFERIFIH R L28 oAk B 5 3 b 8l S S A2 AL PR VI (AR EDR 22 5 KA P=0.2>0.05, iR MIEZS

I3 BRI FEMUER 0.05 225 B MK

Note: CK and pL28 represent the nothing-inoculated and strain L28-inoculated, respectively; Data are presented as Mean+SD; The
normal distribution for the data was tested with P-value=0.2>0.05, following normal distribution; The superscript lowercase letters

indicate significant difference at the level of 0.05.

RAABE D RE T B X FE Pk R IL 25 o1, iR PR
EA RS T 5 AN Be Rt FL R R T AT T B A A
WRIFEHEMRE P T RE SR, WA S
KX S EMERENAERETAEEY
Mg B2 AT 5T MV 3 1K TR 40 1 45 S Y TR AR
L28 FEAHN BEFEPERE RO FAE K . W2,
FLAT A g 1 00 0 K Sl ™ ik 3 AR A e
AT g 2 HOE W T I A 0 R U M R TR E
—; AR L28 ANEA NH; G8J), ARES L
NH; BRI B AR A, mHARRE ST, FEl
R HYIE ITAA FUEA ACC s PE, o fi
HEA TREEPDAERKMWE T . BRM R
Hymenobacter AR AT YA K BIAH S 7T 138 -
TE ARG, BRI FE R D AE ) R 47
A Kk T R S AR TP (AL G A A LA
YL ZUHEA T B8 R B SR b B A A P A A
AEN, EHTIORERE; MRS I IR
BB g rb it 5 52 A W AR AR W A s e, 3R
Bo@E M EEMEE KR ET AR, LR o
SR, TEALIE IR G IS U Y 2 e i
PEWARK, "Eawma, MRS RE
w5 AR P TR TR0 R
FTE RPN Db R a5 T A 2 2 iy
RS P o g YR PY, MR IE A FZ

7 1 AT LAk g AR 00 BT Azosprillum
brasilense 9% %18 $ Fh F 20 55 By B 1Y 4% e K
B, et TSR AR E K, A s, 2%
WIHh, ABFFT R L28 T4 Bin 4% 2
PO AR BB S TR B ARG L T Rk
I AN A A5 HZE MR b3 T A (T ) I 2
HmE 2, & 2); BARE PeEE N IR R AR
G 3-5 d, RAEREY—2F), FhE AR FIE
HRIESE (K 3, % 3), DB ZEB %M
HRAZEES RS 1A, A
ReRm BT, PRI EME RN, (2
RUBCR)CR A R B AR S R fg AR 2
25, WINFP Y RULA; AR RS R R S
eI R S fa s A K IR ARBFSE IR
XTEF G RPE L28 76 S8 S L ry e sEES T,
AR L28 HATHR M Z Ay e A Fe il se 2
MU SRS . B, FTREE LA R TAA
P S A B AR, fRHEE SR, AKX
ACC R Z B 1E FHREAR 20 % AR R il 45, i
AR MBI A KRS SRR RE 1Y
FER NS A AT RE S R L28 By A AR mE s fie

T HIEP AR E RS A G, B, Wtk
L28 i i h 4% PR B AR K RN TR 1l ELACHIL
il A 1 i — 2P IR AR AR
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25
kR L28 AIHEN Hymenobacter J&M—1 T

M, BRI TR - . RAERBE-TE . 7
IAA . BREMR . ACC JRAARE TS5 Z Ry
PEA R, TR 2 A B B B D R R S A
KU AR SRR S R s . B2,
Wbk L28 RISy e AR A, (R S48 A
HAT R4 BN TR

REFERENCES

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

[9]

Bamberg J, Greenway G. Nutritional and economic prospects
for expanded potato outlets[J]. American Journal of Potato
Research, 2019, 96(2): 206-215

FAO. FAOSTAT online database[EB/OL]. Food and
Agriculture Organization of the United Nations, 2018.
http://faostat3.fao.org/browse/Q/QC/E

Wang N, Reidsma P, Pronk AA, et al. Can potato add to
China’s food self-sufficiency? The scope for increasing potato
production in China[J]. European Journal of Agronomy, 2018,
101: 20-29

Awati R, Bhattacharya A, Char B. Rapid multiplication
technique for production of high-quality seed potato (Solanum
tuberosum L.) tubers[J]. Journal of Applied Biology &
Biotechnology, 2019, 7(1): 1-5

Yang MIJ. Study on technology of amputated production
technology on potato tissue cultived seeding[D]. Changchun:
Master’s Thesis of Jilin Agricultural University, 2012 (in
Chinese)

MR, DRV By SRS REORBITE D). KA

ARAO RAEA L AE AT, 2012

Tkachenko OV, Evseeva NV, Boikova NV, et al. Improved
potato reproduction  with  the  plant
growth-promoting rhizobacteria Azospirillum[J]. Agronomy
for Sustainable Development, 2015, 35(3): 1167-1174
Terashima M, Ohashi K, Takasuka TE, et al. Antarctic
heterotrophic bacterium Hymenobacter nivis P3T displays

microclonal

light-enhanced growth and expresses putative photoactive

proteins[J]. Environmental Microbiology Reports, 2019, 11(2):

227-235

Murashige T, Skoog G. A revised medium for rapid growth
and bio assays with tobacco tissue cultures[J]. Physiologia
Plantarum, 1962, 15(3): 473-497

Yang SS, Li GG, Zhang SN, et al. Isolation and identification
of Pseudomonas sp. BP16 and its plant growth-promoting
traits and effects[J]. Microbiology China, 2018, 45(10):
2121-2130 (in Chinese)

WAz, 22EE, WIS, 45 BERHMIE BP16 M5B 4E

S HAEYAR AR PERFIRON[J]. A P2, 2018, 45(10):

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

2121-2130

Ren XZ. Classification and Identification of Plant Pathogenic
BacterialM]. Beijing: Chinese Agricultural Science and
Technology Press, 1994: 5 (in Chinese)

FERRIE. FHPR A 1 /SR E M. JEat: hEkl
H AL, 1994: 5

Dong XZ, Cai MY. Common Bacterial System Identification
Manual[M]. Beijing: Science Press, 2001: 169 (in Chinese)
ARFER, B, HILAME ARG E T MM et Bl
H AL, 2001: 169

Yang HR. Diversity and community structure of rhizospheric
bacteria associated with desert shrubs in the western Ordos[D].
Hohhot: Master’s Thesis of Inner Mongolia Agriculture
University, 2016 (in Chinese)

Wi . PSR 2 B AR BRAN i AR 251
BIRTFE (D). MRS RE: S AR R AR L 2= 7 183,
2016

Glickmann E, Dessaux YA. A critical examination of the
specificity of the salkowski reagent for indolic compounds
produced by phytopathogenic bacteria[J]. Applied and
Environmental Microbiology, 1995, 61(2): 793-796

Kang YJ, Cheng J, Mei LJ, et al. Screening and identification
of plant  growth-promoting  rhizobacteria[J]. = Acta
Microbiologica Sinica, 2010, 50(7): 853-861 (in Chinese)
FRMRZE, RiE, MEUNAR, 45, IR bR A oA 1 0 8 2 25
FE[T]. WAEYEAAR, 2010, 50(7): 853-861

LPSN. LPSNSTAT online database[DB/OL]. List of
Prokaryotic names with Standing in Nomenclature, 1997.
http://www.bacterio.net/hymenobacter.html

Marizcurrena JJ, Herrera LM, Costabile A, et al. Validating
biochemical features at the genome level in the Antarctic
bacterium Hymenobacter sp. strain UVI11[J]. FEMS
Microbiology Letters, 2019, 366(14): fnz177

Liang YG, Tang K, Wang Y, et al. Hymenobacter crusticola
sp. nov., isolated from biological soil crust[J]. International
Journal of Systematic and Evolutionary Microbiology, 2019,
69(2): 547-551

Loyola-Vargas VM, Ochoa-Alejo N. An introduction to plant
tissue culture: advances and perspectives[A]//Loyola-Vargas
VM, Ochoa-Alejo N. Plant Cell Culture Protocols[M]. New
York, NY: Humana Press, 2018: 3-13

Glick BR. Stress control and ACC deaminase[A]//Lugtenberg
B. Principles of Plant-Microbe Interactions: Microbes for
Sustainable Agriculture[M]. Cham: Springer, 2015: 257-264
Trivedi P, Delgado-Baquerizo M, Trivedi C, et al. Keystone
microbial taxa regulate the invasion of a fungal pathogen in
agro-ecosystems[J]. Soil Biology and Biochemistry, 2017,
111: 10-14

Fatima N, Javaid K, Lahmo K, et al. Siderophore in fungal
physiology and virulence[J]. Journal of Pharmacognosy and
Phytochemistry, 2017, 6(5): 1073-1080

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4058 A

Microbiol. China

[22] Dobranszki J, Tabori KM. Influence of nitrogen supply of
potato plantlets on in vitro tuberization pattern under
inductive and non-inductive conditions[J]. Potato Research,
2010, 53(2): 121-127

[23] Gao Y, Qin YL, Fan MS. Potato tuber forming and growth
influenced by nitrogen[J]. Crops, 2012(6): 14-18 (in Chinese)
R, KAk, BB DR BV N AR E R
. e, 2012(6): 14-18

[24] Cordier C, Lemoine MC, Lemanceau P, et al. The beneficial

rhizosphere: a necessary strategy for microplant production[J].

Acta Horticulturae, 2000, 530: 259-268

[25] Vestberg M, Kukkonen S, Saari K, et al. Microbial
inoculation for improving the growth and health of
micropropagated strawberry[J]. Applied Soil Ecology, 2004,
27(3): 243-258

[26] Vettori L, Russo A, Felici C, et al
micropropagation: effect of Azospirillum brasilense Sp245 on

Improving

acclimatization of rootstocks of fruit tree[J]. Journal of Plant
Interactions, 2010, 5(4): 249-259

[27] Orlikowska T, Nowak K, Reed B. Bacteria in the plant tissue
culture environment[J]. Plant Cell, Tissue and Organ Culture
(PCTOC), 2017, 128(3): 487-508

[28] Wang XY, Guo S, Tian HX. Techniques for high efficient
multiplication of plantlets in vitro[J]. Chinese Potato Journal,
2004, 18(4): 216-217 (in Chinese)

FHY, F, MRS DREBiRLUE T 2 W S EOR
BRI, HE 45 2004, 18(4): 216-217

[29] Hamza EM. Improvement of potato micropropagation and
microtubers formation as affected by nanoparticles[J].
Middle East Journal of Agriculture Research, 2019, 8(2):
525-532

[30] Feng J, Cao LL, Wang Y, et al. Application of sugar-free
micropropagation on potato seedlings rapid propagation[J].
Journal of Huazhong Agricultural University, 2019, 38(6):
62-69 (in Chinese)

Y, O, EB, S JOREH S IR RORTE AR A
PREPIIRLT]. Aol RoE2#H4], 2019, 38(6): 62-69

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



