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Mitigation Effect of Drought Stress by Plant Growth-promoting
Bacterium Bacillus sp. SB19 on Kale Seedlings in Greenhouse

Kim, Dayeon - Lee, Sang-Yeob - Kim, Jung-Jun - Han, Ji-Hee

Drought stress is a major agricultural limitation to crop productivity worldwide,
especially by which leafy vegetables, plant leaves eaten as vegetable, could be
more lethal. The study was carried out to know the effect of drought tolerance
plant growth promoting bacteria (PGPB) on water stress of kale seedlings. A total
of 146 morphologically distinct bacterial colonies were isolated from bulk soil and
rhizosphere soil of leafy vegetables and screened for plant growth promoting
microbioassay in greenhouse. Out of them the isolate SB19 significantly promoted
the growth of kale seedlings in increasement of about 42% of plant height (14.1
cm), 148% of leaf area (19.0 cii) and 138% of shoot fresh weight (1662.5 mg)
attained by the bacterially treated plants compared to distilled water treated control
(9.9 cm, 7.7 cni, 698.8 mg). Shoot water content of SB19 treated kale seedlings
(1393.8 mg) was also increased about 152% compared with control (552.5 mg). The
SB19 isolated from bulk soil of kale plant in Iksan, Korea, was identified as
species of Bacillus based on 16S rRNA gene sequencing analysis. We evaluated
the effect of drought tolerance by the Bacillus sp. SB19 on kale seedlings at 7th
and 14th days following the onset of the water stress and watering was only at 7th
day in the middle of test. In the survey of 7th and 14th day, there were mitigation
effect of drought stress in kale seedlings treated with 10° and 107 cell mL™' of
SB19 compared to distilled water treated control. Especially, there were more
effective mitigation of drought damage in kale seedlings treated with 107 cell mL"’
than 10° cell mL". Further, although drought injury of bacterially treated kale
seedlings were not improved at 14th day compared with 7th day, drought injury of
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107 cell mL" of SBI19 treated kale seedlings were not happen rapidly but devel-

oped over a longer period of time than 10° cell mL"' of SB19 or control. The
diffidence of results might be caused by the concentration of bacterial suspension.
This study suggests that beneficial plant-microbe interaction could be a important
role of enhancement of water availability and also provide a good method for
improving quality of leafy vegetables under water stress conditions.

Key words : Bacillus sp., drought stress resistance, leafy vegetable, plant growth
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THES AEY AR BES At HAEH 2EH 2~ F SR Y ANES
A= F2 Yelo g 283 ch(Sandhya et al., 2009). 7HE-S 2] E A} A B ooy}
A% FRA W HEA MAAA B e H3E BF D YoE JFS v

AL A QITHGan, 2008). 7ha o2 QIR A F F&l= Wsll(frost injury) A H A7) EA

k= Aol oldEt AAs JAHETIE JH A=rE Skt o3 ASHEM yEhdn

(DaMatta and Ramalho, 2006). 21 &0°] 7l& 2~E#| 2o =ZEHH HJapH o= 9o 37}

FE5H7] wF°]th(Gan, 2008). 7He 2E# 20 23] A& Yo YAZ cytokinin o]
= =

Zr4a=8FaL abscisic acid &Fe] S7FEHA 715 HAL Dol SAkERg-oll 2% 4
= T8 S4do] a3 7)F Hddl ol o]4tsteA o] &Fo] fHaEo] FEAol
AAET £B ~EG U O A& T ostEw Qe BIPL Bl = HgAA] B
Y Bolmz &7} YA (Munné-Bosch and Alegre, 2004; Figueiredo et al., 2008;

Selvakumar et al., 2012). FAdo] AAE A& HolAs tHarh Aot wkgstdaA e
FA4E 7R = A4FAF(ROS; reactive oxygen species)?] IThstA] A E =6 ROSE Al
Zuho] ZAkekel AlE oA Hibssabg oA F Ats 2EHAES doXn
(Mittler and Zilinskas, 1994; Sgherri et al., 2000; Caravaca et al., 2005). A1 1S A6} 5}
AH = A A(leafy vegetables)2] 74 7h=oll &gt o] g 2482 A4k e
Acle] At} 53] AgH o= £ dAEH 2ol Y 7 F=F 2EH 27} osiE 7
2o By ol Auishs o2 FFE v AAlAhs 7hEol o XAWAd = ok
(DaMatta et al., 2003).

FEUET Ao FTAEORE HE FAdo] FHEHI ThE, AR
it 22 AR 2Ed 20 de e AJEE SHEHe AoE dBA ) Th(Prasad
et al., 2016). 2| EAZZ M +H(PGPB; plant growth-promoting bacteria)> 2] =2 <H I} E

Foll EAst= &3 MAEEA da A, =84 Ao 7HE3 HEE=E &4, sidero-
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phores A§ 4, antibiotics, lytic enzymes, hydrogen cyanide A4k, & FAS 53 A EHAA
o] WA T g S A HHAQA FA o2 A Th(Juanda, 2005; Sayyed et al.,
2007; Ahmad et al., 2008; Sayyed and Chincholkar, 2009; Kim et al., 2012; Nautiyal et al.,
2013). A AFoNAE= 7R 24 SlollA PGPB A 2] 2] 21 & AAo] e nis) =
7hstel, PGPB7E 7HE 2EdA FHE BE 2 Wt @ £ dE bsAS AASAT
(Mayak et al., 2004; Kasim et al., 2013; Seo and Song, 2013; Vurukonda et al., 2016). PGPB]|
o3t A& JHE 2EH 2~ GFS SsATIE HWEE% o2 Z7HA7E At A Eo] A

ke 78 Edof 93 A& 2EY A WAl f5% I(induced systemic tolerance) &
7} oligopolysaccharide s 3Hral= A=s B3t vAE 2E] a8 ot 4
g EHo|A e & JlgAo] ZXHE o2 o]|FojRt) T3l H|AYES| abscisic acid,

gibberellic acid, cytokinin, auxin 53 22 A& TE2ES AYLEEAY 2 E9| ethylene 3
S Z+2A7]+= 1-aminocyclopropane-1-carboxylate (ACC) deaminaseS AY4Fsle] o] Fozth
(Chang et al., 2007; Cho et al., 2008; Yang et al., 2009; Nadeem et al., 2014). Ethylene-> &
o %4 21 5 ABo| AEahE Bl WEAAAT 71, 1 5 93 2Ed 20 o
A= BAE ] AEe AGE At w35 FX18H7] wfEol ‘stress ethylene’©] 2l %
SHo}H(Ableles and Abeles, 1972). PGPBoll &J3l] 2= #2] 9] ethylene HA & HEF2
2A 2Ed 2 374 st AE S AHAIZTHGlick et al., 1998). 2] A4 PGPB
£ 7 23004 AEo HAFAE W 7t Aol FFEJ=H rAdEe] AikskE ACC
deaminase Z}-8-oll 2J3l ‘stress ethylene’ Ay4ko]l THA3F AL early response to dehydration 15
(ERDI5) 73 A}e] & o] F718l% th(Kiyosue et al., 1994; Glick et al.,, 1998; Timmusk and
Wagner, 1999).

2 AT A= E dFE 2A e or Adela, AR 58 A=
o AFde Wl 7tw =4 st F& 7= A4S S5 A= 7hE A& E A

e &7s JepeAd detd Adsan.

L #F9 &2 9 ek

M

AY, A5, A7t dely] AR Y] B¢ 9 2d EYOo2REH 745 Btk
EF AR 1 g €975 9 mLol 34g dEA(10"'~10° ¢ mL") 100 pLE Tryptic Soy Agar
(TSA; Difco, USA) HIA| o] E2k5}o] 28T of| 4] 48A17F S vl k3t H A A3 Fejo] xjo]S
Hole #79 & FEYUE stk & waEld 14e7le] v+ ASE AELA
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2] ¥FE Tryptic Soy Broth (TSB; Difco, USA)°l %jia}oq 28C, 180 rpm O Z 48
v k3L T vl F-S 8000 rppm O 158 7F QAR S T AEZAS A At A
& FASAY FAE FAE GEFE 10 cell mL! TEZ 3] 45te] FH|EGT

BM6 ‘3 E(Berger Peat Moss, Canada)s H-2 323 AMAEZE(1F T H4E &8 125 mL)
oll AlY(Brassica oleracea var. alboglabra Bailey)< 353l THn=8). AL IF 74 & FH]
5 dgde 2E 9 50 mLY 18] #F A S AL FA YT = SRS 50 mL A
gtk #5F A 2F F ALY BS5E AT S 2ARE 2 (em), S (em), F
Z(cm), F&(em), HHFD A (cil), AGH BAF(mg), el AAF(ng), AFHF =T (ng),
B dETm)= SR st A 5 FollA A4, 9%, JddHdS 9% 2
QEo o7} 7P & & AT 23F 7 Aol A= utE 7] AE(Seoul Bio, Korea)
E ARESt 13} 7 A 2 ‘ﬂ”ﬁ °% XE HAASAT A A AR Hagk

frojak AEe BT § =005 oA A3 A A

ou

93 2] 7Y0] A Aol 5 FENS 10° cell mL!' 2 107 cell mL”' =2 13] &
T A3 FAE TN E THRTE 22 ¥ TN Hn=12). 5 AIZHEH 10¥
FHE] 79 B¢ AFEA @A FE 2EHAE FUL 1A A EE AR =
A A E RE Aol XE © F7/HS 50 mLE #5E A 7Y Bk R AEYAE
T 7T AYULERE 4LA ol HAEE ZASAT WA S B Table 1S 7]
o2 Fafo MYE 0~5TARE U] AT A Aae o5 ALk (D)l 93l
A e %= st o JhE HslE B @3 A4 A& A EE 0%, LA

E9| o

A== 100%= YEFR AT

Table 1. Severity scale of drought stress injury and extent of damage

Severity scale of drought stress injury Extent of damage

0 healthy

1 1-10% damage

2 11-25% damage
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Severity scale of drought stress injury Extent of damage
3 26-50% damage
4 51-80% damage
5 >80% damage or death

Sum of all injury rating
Total No. of rating X Max. injury grade

Injury severity (%) = 100 )

5 Tn,
=0

= X
12X5 100

0Xng+1Xn +2Xn,+3Xn;+4Xn,+5Xn,
N 125 100

4. A% #FF2] DNA % 8 16S rRNA +47 &4

At 775 T3] 938l 168 rRNA FHAE 43 A . #5 SB19E TSBOll &3}
3L 28T oAl 30A1ZF vt & A4 Eestd HAE 39t DNA extraction kit
(QIAGEN, USA)Z Al zALe] wlrdol whel #59] genomic DNAE FZ3F3Ath 16S rRNA
FAAE FZ317] 98 27F (5°-GAGTTTGMTCCTGGCTCAG-3’), 1492R (5’-ACGGYTACC
TTGTTACGACTT-3") M2 A EE C, Y+ C EE TS yehy) Zgo|HE o] &3}
(Weisburg et al., 1991) 95C oA 5& &% & 71k &, 95T Al A 148, 55C oA 18, 72T
o A 14 30% B2t 303] ¥h-g % 72T oA 107 5 WH3AIFATE 39 PCR AH=2 A

719§ B4 o7 AolE EI3 F Genotech Co. (Korea)oll E71AE A4S 2F3HT)

F9] 471 EL& MEGA 6.06 ZZ 138 o] 8-3te] A AS}9 3L, neighbor-joining ¢8| &
—% AHgste] AlFEE A3 tHBootstrapping 10003] HHE),

l‘#

M. z2 ¥ n#
L AL AsFALF] A

A Al B2 RE ZET F e AL i A= avE TE AAT
A, 12752 Aol 2%, 44, dF, AT o] FAE T vlusty =2 Ao
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ZAE A AGE AAF Fhol E SAUR 67 FE 12F A3 A tH(Table 2; Fig. 1).
13 67 (SRS25, KR16, KR31, SB19, RbR16, CeR16-2) &7 &7 vl dte]
23S Z47F 43.1%, 60.3%, 54.9%, 66.7%, 31.9%, 322% 7V, HEFS 247 69.0%,
100.0%, 79.0%, 130.0%, 69.0%, 79.0% S7Fetom, FA-E& 242t 35.4%, 66.0%, 62.6%,
86.4%, 33.3%, 44.9% S7FstATE T AR AR TS A2 227.2%, 277.6%, 352.6%,
549.3%, 197.8%, 311.7%% 25 Z7}5A

12k AEE 6 5 WSR3 23 #F A A7 BE AYTFAA S A
7} YERSETE SRS25, KR16, KR31, SB19, RbR16, CeR16-2 A 2] ol A= T 2] 79} ¥l a s}t
o 2L 77 26.7%, 17.7%, 39.0%, 42.2%, 19.7%, 33.8% 718t a, HgHdL 7]
67.1%, 59.6%, 107.0%, 147.9%, 76.5%, 59.0% S7}slH o.M, A4 WA TS 212}t 42.2%,
19.9%, 88.7%, 138.0%, 25.6%, 41.9% Z7}8F ThH(Fig. 2). Bacillus®l 23 2] EAY&Z7]
L oy AFNHE REATHKloepper et al., 2004; Kumar et al., 2011; Nautiyal et al.,
2013). Kwon 5(2007)2 Bacillus subtilis 755 10" cell mL"' T2 5] A& o F
28] the] 75 AT AAF] 15.4% S71et9 e 752 5E TAA (indole acetic acid)
ARE sttt Bustnh mAaEed i AdEE AE4S5E3 EFS 1AASY

A=
il

o
T

gibberellic acid 5 2] E 32 o] % siderophore A4, H4 11

gom, B ATl o] g8 el FFol g HEYFEY T

3l

/\6]7

=
o

heralAl R iLE of
ERRER

= =3
_‘:_'__:'0;

A7 g Ao F FAETHAhmad et al., 2008; Sayyed and Chincholkar, 2009).

Table 2. Plant growth promotion effect of selected strains on kale seedlings

Plant height | Leaf width | Leaf length Shoot fresh Root fresh Shoot dry Root dry

(cm) (cm) (cm) weight (mg) weight (mg) weight (mg) |weight (mg)

Control | 8.7+035° |2.5£0.09° |3.7+0.11¢ | 419.8+ 26.49° [307.1+ 2.55%¢ | 65.3+ 5357 [39.543.56™
SB3 [ 10.240.59 % | 3.440.18°*| 4.4+0.18°% | 926.3+ 39.58 *T | 456.6+65.91 ™ |125.5+ 5.08 °* | 52,043.55 *°
SEL5 | 10.2+0.39°% |3.2+0.16% |4.4+023 % | 824.8+ 31.99 % |313.5:47.04 ¢ | 132.0£14.01 ' | 40.3+3.8
SB22 | 9.3+0.24% |3.1+0.05% |3.9+0.2 5653+ 51° 265.8£34.28°0 | 78.0+ 7.2°7 |48.0+2.89 **
SRS25 | 12.5£0.61 ™ |4.2+0.16°¢|5.0£0.15 " | 1373.5£101.53 *¢ | 410.0£37.62 ™ | 160.3£17.16 "¢ | 55.3+6.82 *
SEL2 | 11.1+0.59 %% | 32+0.14 % | 4.1+0.17% | 7853+ 84.21 %" |443.0£26.57® | 95.0+ 6.19 %" |55.3+3.01®
KR14 | 11.9+0.84 % | 42+0.32%¢] 5.040.4 % | 1226.3+ 45.12 %% | 432.8+20.62 % |137.5+ 4.83 **f| 57345222
KR16 |[14.0£0.61™ |[5.0£03% |6.1£049% |1585.0+ 34.14°¢ [232.0£21.63¢ | 142.4+ 3.97°% | 37.542.36°
KR31 |13.5+0.75™ |4.5£02% |6.0+0.32% |1899.8£115.76° |300.3£14.01°¢ | 190.8+ 7.21% |42.8+3.19 %
SB19 |14.5+0.69° |5.8+029° |6.9+0.38° |2725.3+ 56.51° |4755+22.89° |275.0+ 8.8°  |45.5+2.05%
RbRI6 | 11.5+0.26 "% | 4.2+0.31 | 4.9£0.32 " | 1250.0+ 18.11 % | 370.5£18.44 4 | 144.5+ 2.51 **% | 52.3+3.09 **°
CeR16-2 | 11.5+0.34 %% | 45£0.13% | 5.3+0.18 > | 1728.0+ 22.88 " |435.0£18.46™ |210.3+14.13% |57.8+1.63°
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Fig. 1. Effect on growth promotion of kale seedlings by treatment of microorganisms.
(A) Distilled water treated control and (B) SB19.

224 7 A A, FA YT tH] 77 AT AL S-S 13 75 A Ao v
3 ZFAstA T BM6 GES o] &3 12 ¢ AdlA FA e 242 8.7 cm, A
WA FL 419.8 mg, HIEA FEE o] &3 23 5 Adolxe FAY T 240] 99 cm,
A g AT 698.6 ig & AL FAHEYT AWK vtEA FEANA O G, +F
T AT AS5E3 &4 BM6 FENA A o2 ¥ IA YekR] wZolth =3
SRS25E A 93 YA 57¢F A2 F(KR16, KR31, SB19, RbR16, CeR16-2)= BM6 *JEol
A AEE7 o] uiE2A FERT IA YeRRAITH Be] XSS BM6 FERT HiE
7] BENA O a3t THTable 3). Wi 24, f71&E &, pH 5 EXY SA =zt
ZHEA S B ofdgl mAE o3 AE ASEFX ZAo) zto|rt Advka A o
(Toledo et al., 1988; Gholami et al., 2009; Smirnova et al., 2016). W2} HE AAH o7 2] &
AEEZ 55 Adstaa & "ol £ -88H3 EA4do] & o2 219 EYE o
Fo g e Zlo] nighAsittal AuE

Table 3. Growth promotion comparison with two different soil conditions

Plant height (cm) Shoot fresh weight (mg) Root fresh weight (mg)
BM6 Baroker BM6 Baroker BM6 Baroker
Treatment
Control 8.7+0.35° 9.9+0.35° | 419.8+ 26.49 ¢ 698.8428.91° |307.1+ 2.55% |277.5420.82°

SRS25 12.540.61* | 12.6+0.58® |1373.5£101.53° | 993.8452.56 " | 410.0+37.62 ™ | 350.0+36.57°

KR16 14.0£0.61* | 11.740.42% |1585.0+ 34.14° | 837.5+39.68 ¢ |232.0+21.63° |357.5+45.37°
KR31 13.5£0.75% | 13.840.22°% |1899.8+115.76 % | 1318.8+43.89 ° | 300.3+14.01 * | 360.0+36.66 °
SB19 14.540.69* | 14.14£0.76 * | 27253+ 56.51° |1662.5£113.26°%| 475.5422.89* | 486.3+54.80 °

RbR16 11.5£0.26 ® | 11.940.47° |1250.0+ 18.11% | 877.5487.55° |370.5+18.44 ®® | 545.0+27.89 *

CeR16-2 11.5£0.34 % | 13.3£0.34 % | 1728.0+ 22.88° | 991.3432.66 ™ | 435.0+18.46 *® | 500.0+35.58 *
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o] RS KR31 F5 AT} SB19 #F X TolA FosHl ke

$HeF2 RbR16, SB19, CeR16-2 A 2]l A frefatA] Eskth Aapx o2 74
T8 vlaste] 24, W3R, AT 2 TR Fhol 242 42.19%, 147.86%, 137.92%, 152.26
% FostA Srlstd A&EZ &9 7 3A YElRd SB19 #5E HE AEsiTh

SRS25

(D) (E)

400

200

Control
Control
SRS25

Fig. 2. Plant growth promotion on kale seedlings treated 50 mL of 10" cell mL™" microor-
ganisms per kale seedling.

(A) Plant height (cm) (B) Leaf area (cii) (C) Shoot fresh weight (mg) (D) Shoot water content (mg) and
(E) Root water content (mg). Means+ standard error (n=8) are presented as bars, which show how the
data are spread. Bars with lowercase letters are significantly different between treatments; p < 0.05 using
Duncan's multiple range test.
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7He 27 gl A AL AS5E3 #5E AEAS W T8 2Ed 2 S5 a3 e
2| &otrr] L3l A3 ATE SB19 #F Aol o A WALE HAS A, 1009
107 cell mL" F=2] SB19 ¥ GRS 39S o FH 9 vt |ag 3
a7} AUTHFig. 3). &5 Hel F 7490 FHE T FINEE 82.5%0 2 v 10°
o} 107 cell mL! SB19 &5 A&7 H3=E= 27t 65%, 30%= F-A 2ot vlmste] |z
dol FXH Ao E Yegth 77 A & 149A FAE T A Ee 87.5% &5k

10°9} 107 cell mL™" SB19 5 AT+ 2+ 71.3%, 47.5%= 7¢A Rihs 7t S7F
SEAAIRE, FA 2]t} vt 7 Aol AL g ke AsivE AdE s

2 At AE s=o wE e A ade vhe 2EdH 2 E 3 7YA, 14
AR 2 10° cell mL! A2 PR} 107 cell mL! A2 Fol A $-53ATh

THE 2E#s 3 T 7947 2 w7hA] SB19 752 10° cell mL! FEol A FE F
Zol o3 )7} o] WEA FAYEA 7] e 2719 107 cell mL FEANA 7HE 2E

g FEo| ¥ a7 Aoz BATh =3 1A} 4LA 2A AHE HE W T =

10° cell mL'ollA 7kl 23 Fs| =7} Fxiglel vlusty] n5F foshA Horm=z 10

cell mL! F=RTH= @ AHRH|AT 10° cell mL! FEANHE T8 £F5 2Ef 25 S5

237 o= Zlo® HRIt mebA SBI9 w9 A= 4

Al FE FFoE FEHE AL 235 JASt JhE 2Ed 2 A a3t 9l
=

Mayak 5(2004)2 ACC deaminaseE &3t AEANSEH #FE
A& Hesta 7hs 2EH2AE & F R2YACd #FEta A e 2EH S F 5Y
Fol A& A5S AT 1 23 FAFY AT S7FsHA &

g TollAs AT AL SUletR o, 7hHe 24 ol #AFIRE W 7 A
B3l 7 Bol STkt R Tl skt & Aol A SB19 & A e TR EEel
Aot Hlwst] fFoleAl £aL, Ve 24 ol AFIS W £E 75 2EH S F
5 37t #5F A FolA o Edthe A3t AR5 Seo?t Song (2013)9] Aol 4
= 7 &7 3t A ACC deaminase 43 58 XS o 79 & EnfE {f19] ¥
Al

1732 35% Z7FA1A ACC deaminase &4 o] 71E 2Ed 20 &8 2 &9 Z-&3)] e
RS FZg o2 HAtha Byttt o AT Ao & wf FFolA AAHE=

deaminase”| 715 Z7ANA A EQ & o]&ES o A S st dx3=
Aoz AdHAT) JHEZ B AFoA] AW SB19 =
o

eaminase A4S A
U AEASEZ FFEA AEY Wi i =%
8
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Fig. 3. Drought tolerance test on kale seedlings.

(A, D) Distilled water treated control (B, E) 10° cell mL" of SB19 (C,F) 107 cell mL™ of SB19. (A~C)
7 days after drought and (D~F) 14 days after drought. (G) Means + standard error (n=12) are presented
as bars, which show how the data are spread. Bars with lowercase letters are significantly different

between treatments; p<0.05 using Duncan's multiple range test.
3. AWk #3¢] DNA F% 9 16S rRNA 47 £4

HE AT 75 SB199] 16S rRNA 32 @71 ES uiB oz EAAT =S 2483 2
3} SB19 ¥ Bacillus 42 o8 #5534 7W7h B A o &3V, B. thuringiensis
ATCC 10792T, B. toyonensis BCT-7112T &5} 71 =2 45 3&Z 99.93%)& Hole=

-

p

%

Ao 2 BRIEATHFig. 4). AIFTE2 HEAS YEM = Bootstrap A= 77%E Bl F £
2o ® Vet 12y A F A4S AsiAAE o 7HA Ay Askskd dAabe) b
a

TFE72] DNA-DNA 354 AAZF Z 231t (Wayne et al., 1987). B. thuringiensis T
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= e 9 B¢l AdHor EdtA A= v EEA FE bio-insecticide = Z &
A UAAT HT ATE T =2 A=ASSade} FHaFel o3 A= Al B
TR BE 2EfA FEE g3} I 202 BuE iy Qt(Hyakumachi et al., 2013;

Prudent et al., 2015; Armada et al., 2016). Bacillus sp. SB19 52| o]& 3 EF&A A=

AFFATHORE 2o AREN 3 BANY BHE HAsty e SRt ok

74 | Bacillus toyonensis BCT-7112" (CP006863)
m B. thuringiensis ATCC 107927 (ACNF01000156)
—— SB19
— B. cereus ATCC 145797 (AE016877)
63 B. anthracis Ames (AE016879)
ﬁ:anthraﬂ.s‘ ATCC 145787 (AB190217)
| B. weihenstephanensis NBRC 1012387 (BAUY01000093}
wlg, mycoides DSM 20487 (ACMUG1000002)

— ]
0.0005

Fig. 4. Phylogenetic tree of SB19 based on 16S rRNA sequence similarity.

Branching values determined using 1000 bootstraps.

T FAEY AMES Adlshe 48 9 T shdold, d& HE AAF AS
B 5F 2Ed 2o 0 XNPAY § Atk B AT AY fE U AJENSEN F5
(PGPB)«] 7hHe WA &35 Lot r] 9l FRHAT. BAFY EY H 2 EYOER
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