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Fig. 1. Sampling locations from the forest soil of different county of Golestan Province
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Table 1. Characteristics of the specific primers used in this research.
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Sequence PCR Product size GenBank
Accession No.

UNcryl(+) 5'-tracrhtddbdgtattagat-3' 726 cryl Aa 1500-1600
UNcryl(-) 5'-mdatytctakrtcttgacta-3' 2268 )
SPcrylAb(+) 5 '- cggatgctcatagaggagaa-3'
UNcryl(-) 5'-mdatytctakrtcttgacta-3' 940 crylAb 1371 M13898
SPcrylAc(+) 5 '- ggaaactttctttttaatgg-3 '
UNcryl(-) 5'-mdatytctakrtcttgacta-3' 1452 crylAc 844 M11068
SPcrylF(+) 5 '- gatttcaggaagtgattcat-3 ' 1302
UNcryl(-) 5'-mdatytctakrtcttgacta-3' crylF 967 M63897
SPcryll(+) 5 '-acaatttacagcttattaag-3 ' 1027
SPcryll(-) 5 '-ctacatgttacgctcaatat-3' 2141 eryll 1000 X62821

, , 726-750 , 1402-1426, 701 M31738
UNCIVZ() 5 gttatictaatocagalgaatatg 3| 14441468, 21202144, Allcry2 genes 701 X55416

y2() 99 gggaaatag 2605-2719, 3359-3383 689 X57252
2774-2797, 3104-3127 X58120
UNcry9(+) 5 '- cggtgttactatt agcgagggegg-3 ' 2272-2295, 2602-2625 } X75019
UNcry9(-) 5 '- gtttgagcc gcettcacagcaatce-3' 4354-4377, 4681-4704 All cry9 genes 351-354 237527
2338-2361, 2668-2691 D85560

SPVip3A(+) 5 '- cctctatgttgagtgatgta -3 365 .
SPVip3A(-) 5 '- ctatactccgcttcacttga -3' 1394 vip3Aa 1000 AAC3T036
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Fig. 4. Specific amplification of Cry and Vip genes in native Bacillus thuringiensis isolates.

L: Ladder (Molecular weight marker)
The native Bt strains (Bn, BT, AL, MO, G, K, Gn, Rm, AZ, Ag, GC, MV, respectively).
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Table 2. Distribution of Spore, Cap and Crystal forming isolates of Bacillus thuringiensis in forest soil
samples of Golestan Province.
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Fig. 5. Diagram of Cry and Vip genes frequency in detected Bt isolates from the forest soil samples of
Golestan Province.
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el S lsrear lgiee 1y Gog,y ol B Sk Cry slagy olebid @l PCR () Geogi 5 (Byme 5
DNA 5l pols slaidn 1285 sln ylnl cnl 5l 09ed sleiiy BE ladslar (225000 Clled con i ln (JoSse
(Carrozi et al., 1991) 545 oo oolatwl Ban 5 G 0925 pac by g 9529 (sl (pimed g
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Table 3. Gene profiles in isolated Bt strains from the forest soil samples of Golestan province

alaz ol

Sampling location  ,ls ydiges adke Profiles g yoms
Isolates
Mo Minoodasht cusgie  CrylAc — CrylAb — CrylAa — Cryll — CrylF — Cry2 — Cry9 — Vip 3Aa
K Kordkooy 55555 CrylAc— CrylAb — CrylAa — Cryll — CrylF — Cry2 — Cry9
Bn Bandargaz 55, CrylAb —CrylAa— CrylF — Cry2 — Cry9 — Vip3Aa
Ag Agh-Ghala 3 51 CrylAc — CrylAb — CrylAa — Cryll
BT Bandar Torkman oS, CrylF —Cry2 — Cry9 - Vip3Aa
G Gorgan o555  CrylAb —CrylAa - Cryll - CrylF
Al Aliabad ol Lo CrylAc—CrylAb - CrylF - Cry2 - Cry 9
Gn Gonbad a5 CrylF —Cry2 — Cry9 — Vip 3Aa — CrylAb
Rm Ramian obel,  Cry2—Cry 9 —Vip 3Aa - CrylAb
Az Azadshahr ool Cry2 — Cry9 — Vip 3Aa- CrylF — CrylAb
Gc Galikesh 555 CrylAb —Cry9 — CrylF — Cry2
Mv Maraveh Tappeh assgl,e  CrylAb —CrylAa - Cryll

M CrylAb Cry2 Cryll CrxlAa CryIF CrylAc Cry9 \ip3a

1584 bp
1375 bp
947 bp
831 bp

564 bp

(59 (8o ,ilas : M) Bt (551 IMO lazr (5 & e -7 52
Fig. 6. Gene profile for Mo isolate of Bt. (M: Molecular Weight Marker).

s il Sz GlaSs jlonds silulaz Bt g slaalaz o G5 sl -F Jsux
Table 4. Characterization of genes in Bt isolates from the forest soil samples of Golestan province
Isolates [FYVIReS

Genes  yj
Mv Ge Az Rm Go Al G BT Ag Bn K Mo
CrylAc - - - - - - - - - - - +
CrylAb + + - + + + + + + + + +
CrylAa - + + + + + + + - - -
Cryll + + - - - - + - - + + +
CrylF - - + + + + - - + + - +
Cry2 + + £ - - - + + + + + +
Cry9 + + + + + + - - - + +
Vip3Aa - + + - - - - - + + + +

Slasl BB e o5lasl jo 5 iS5 g LAl 090 o3lasl )8 5 ST SIS et i P A S Ak g+ - (Dle
The marks -, + and + mean: no amplification, amplifying the expected fragment and amplifying unexpected fragment,
respectively
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el B 6281 5o it by by sl phelae 5 335 (@i 9y (PCR) Slecky slopn; (25T
Obey 4 5l e slajles plmil g 009 0pia ook Slaws A9 wiejls Slpie melun Siw slahs,
O b g 29l (i Slagts) iRl (a9 4 Wl e s slaala (JsSUge olulid o cnl 1 sls ook
35 wiohe 1) Bl 850t el 5 il T g sloaslaz Vip 5 Cry slagy JLsbs 5l oo (2,
Bt alox VFY ,o 1, Cryl 58 ¢ colais! sla 551 5l solaiul b o), Ken ¢ o5 .(Parcar and Juarez-perez, 2003)
5 1Y LCrYIG oy o i @hls 1FY L Cry 1Ab; wiols 13 cwyp 9y50 oM LI 5l oads (sjlulas
(F7) alax YE Bt 6,550 ol Ve 5l oSs gaiss o (Kim et al., 1998) wsg Slgl3 o505 7 L CrylE
Sl CrylK o CrylH CrylG (CrylBslacys o oos Slold St @l 7Y e L Cryll o5 .00 Cryl o5 llo
s odslin Jlanl LB e sleojlul jo laaslas 51 & ;0 Cryld 5 CrylE CrylC sla ) (yuioren 2o Cdlb
ohloSe JU sleaiul; Ol i g5, Fge Bt slaaslax cwyp b win j9u8 o adss o (Seifinejad et al., 2008)
o8l sl 9w (Pooja et al., 2013) ol canlice (1 V</0) Slglyd cp i L Cryll o5 ool Jbosew 4
degarmon) 05) 1 (tRoR 5 AT sba el 4l oljen 4 (e @S 1 S a4 (ol ) BE slaglas
CrylAc «(307) CrylAa «(/)++) CrylE slayy; wioges olulis oMe Ll 51 sasl cavoas alax Y7 o |, Cryl
sl 1y Sleld o seS (V7)) CrylB 4 (77 ) Cryld «(V7) CrylAb lays o (Slold om 5 i (V)
(Apaydin et al., 2005)

oanlie CrylAc 4 CrylAa 5 daaslos oled jo 0091 (slag,¥ 5l oo (giluwlom Bt alas Fe 5l a g ,9i5 jo
L (alo> F) CrylD 5 9 Slglyd cp 5ot b (alox YF) CrylAb 4 (alas YV) Cryll slagyys ool 51 e o
oy Sy Slhgiome 0 ol camlive slacsglas Ylx>! (Martinez et al., 2005) w5 ,5 soalis Sl S
2 SB ogh £95 5 obiee St g5 sl by aler I Gilike 3blie Su3glsS| Salis 51 26 Vip 5 Cry
S Jobd ool b aS o xSU jo (Swsm il iai (Martinez et al., 2002) <ol oLl e Solae g
Sl Az 090 g dpdee wdr (S Sl b oS Sg sl SL obul 4 e 6551 g0 o
(Makhdoom, 1998)

2 g ke Loy Glize (2l 5 lie o lags (B Slshs b ons @l )0 o5 o9 5 lglis od; e
oy ol sais cil slalos e o b g autils 5 L Slsl,8 CrylAc 4 Cryll LrylAa slogy)) « $59iS Gubod
L .(Kim et al., 1998; Martinez et al., 2005) wois oaalie ol 5 10 b g od cdwlice 508 Sladllas 51 S5 )0
odalive (5 A BT 5l alitie (55 & red €3 1T (5935 Bliod ;0 0l S8b wl) T o 5o (55 Slag e (saatnn
wlaz TF 51wl sl glpl )0 a5 6,500 alie Gragh )0 4ol )0 09 05 A G g (nFEsRte &5 05
CrylAa 5 3 Gl (&5 Fred uigeise b odalin 5 1 0 ) 51 Glie J5 Fes VY LYl 5 (5900
Sad b3, (4 Y2) alax Sy 4o s a5 o9 Cryll 4 Cry IFCrylE CrylD CrylC CrylAd CrylAc CrylAb
(Seifinejad et al., 2008)

T £ 5z Cryl o5 Glls alas VA 5l 5 (FYY) Glizee &5 F00 VY Las Oyl 5 oo o> T 5
Vf ;o 45 54 CrylD 4 CrylB CrylAc CrylAb LCrylAa 5 zo b Jls ophigeie a5 aul Cuvods alises 55
Ers YA Lyl o5 hyls gl Y8 5laS 5 508 (o s o (Carrozi et al., 1991) o svalice (7 YVIV) alas
CrylC CrylB CrylAc CrylAb CrylAa o5 4 L o] cpiegiie a5 aisges 2bs, (05 4 6 Y 5D calises 5
(Apaydin et al., 2005) 55,5 caalie CrylG 4 CrylF CrylE CrylD
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asgazmo s A B Y ) beaslaz 1o (35 Z e (paiz 992y (il egdle aigl 8L BU (6,55L Sl (6 5 G 5 S0se
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ABSTRACT

Native strains of Bacillus thuringiensis (Bt) were isolated from forest soils of the different areas of Golestan
Province and Cry and Vip genes, responsible of the effective toxin, were monitored. From a total of 42 soil samples
examined through selective sodium acetate detention, 160 Bt isolates were separated. After planting the colonies,
specific staining and microscopic identification were observed in 40% of isolates crystalline proteins that are toxic
to many insects. Molecular study showed that in 12 isolates, gene Cryl existed. Genetic structure tests for presence
of 3 gene CrylA (including CrylAc, CrylAb, CrylAa) and genes Cryll, CrylF, Cry2, Cry 9, Vip3Aa was carried
out using the 8 pair of specific primers. Genes CrylAb, Cry2, Cry F were observed in all isolates, but the genes of
CrylAa, Cryll, CrylAc had very low frequency (Lower than 20%) or not found in any of the isolates. The results of
this research could be very useful for tracking native Bt isolates that contain effective crystalline proteins for insects.

Key words: Crystalline protein, Cry and Vip genes, Bacillus thuringiensis, Molecular identification
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