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Abstract

The study was intended to invedtigate the morphological, morphometric and molecular
characterization of eight geographical isolates of the entomopathogenic nematode Steinernema fdltiae
from northwest of Iran. The results showed no detectable morphological variations, but significant
morphometric variations were recorded among the isolates. Clustering based on morphometry of
infective juveniles, classified the isolates in the following three separate groups. group | consists of
IRA30 and IRA25; group Il includes IRA21, IRA23, IRA34, IRA28 and IRA21 and group IlI
contains of IRA17. Clustering the isolates based on the male's morphometric characters, yielded
nearly similar results and four groups were constructed as follows: group | is made up of IRA22,
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IRA23 and IRA21; group Il holds IRA25, IRA34 and IRA28; group Il contains IRA30 and IRA17
constitutes group V. No intraspecific variation was observed among PCR-RFLP patterns of the
native isolates resulted from16 restriction enzymes but significant variations were recorded within the
isolate Pumping by Hinfl, Mspl and Mbol. Although these markers serve as effective tools in
separating the native isolates from the exctic ones, they are unable to detect variations among native
isolates. Therefore, only ITS-TDNA sequence based phylogenetic anaysis can effectively clarify the
intraspecific variations of S feltiae.
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enzymes
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Table 1. Location and vegetation of sites with entomopathogenic nematodes of the
geographical isolates of Seinernema fdtiae from north-west of Iran

Isolate Province L ocality Vegetation
IRA17 East Azarbaijan Varzegan Grassland
IRA21 East Azarbaijan Ahar Grassland
IRA22 East Azarbaijan Ahar Grassland
IRA23 East Azarbaijan Sarab Wheat field
IRA25 East Azarbaijan Ahar Alfafafield
IRA28 East Azarbaijan Shabestar Orchard
IRA30 East Azarbaijan Heris Orchard
IRA34 Ardabil Meshgin  Shahr Orchard
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Fig. 1. Femae of S feltiae: A) Anterior end of body, B) Vulva of 2™generation, C) Tail
of 1% generation and D) Tail of 2" generation.

S feltiae Ol ;e 4 YU Oleab! b axdlles 5,50 o 4 lu= Nguyen & Smart (1996) S 31 eslaxal b

S35 S Kraussal &8 L a5 54 IRALT wlis 3 oS o350l slas,¥ Job woslis Lo 5 s plubis
Seinernema glas sl gdy o3y Cogar rld sy Sliws 51 Stock et al. (1997) .cils (g niy
S5 Ulge 4 5,5 slaalir IS 558 0SSl s b3 g0l slml LT (51 Lol S 5 elizad
S fdtiae pl s Lol ol 5 Hominick et al. (1997) 1S 3l eslaxul L .0 a-lis S feltiae

dls s plis 55 Adams & Nguyen (2002) S aer 1S 5l eslinal s S slals

Wl PR
4.;; ORS00 LSUM\JJJ.;- LSLAJJ}oJ&SoD)HLSUAJJYWQéH) Lguw)jm.byf LgLanl;
90 ¢ JJ‘&)JGW&:JOW%&[&J‘) LSUM.‘-‘J?J M‘byja@tu‘g Yy dj,\e-ﬁSfeltiae

a);JTdLAJJYQL:JWl{LUJ|)D U}‘JTC}’)LR';“"WV\":WL‘)‘} 4.‘-.}?:.7): Ll el C)b-\




14 WA, TVO) Ol it im ol a0l

g lar Cu L) anlllas 3550 slaamar opn Sl sy s SO oS Ly lsime 5 o135 5 oS
50 e T GlagyY sla S5 sl o mite SO bl lad ol (s G Szl o 53 gl
D5 S5 e 2fs 35 Ingmar o s ins 5 Lo it ol lS 3148 5 0L 35 a3

les gy ipe aslllan 350 Slacamar G el bl 53 (S el 3,50 Slio aled S5 S

5 phisl s 0 bl i (C (T iy K228 5 (B ok sl slsl (A2 S fdtiae ;i -Y s

5508
Fig. 2. Male of S fetiae: A) Anterior end of body, B) Testis reflexion and C) Posterior end of body,
spicule and gubernaculum.
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Fig. 3. Infective juvenile of S fdtiae: A) Anterior end of body, B) Laterd
field showing longitudinal ridges.
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Table2. Morphometric of geographical iselates of I fBltine and type isolatz mfective juveniles.

g3 n L W ABW T Es EP NR a b c d e
RALT 20 963=41° 32+2 19+2 84+ 3 132+ 8 80+ 4 00+ 12 31+2 13202 11+03 45+ 4 683
§93-1019**  2§-34 16-21 19 - 3492 120 - 147 4765 T1-111 27-34 67-1.3 1-12 45-31 52-73
RA21 20 869:=27 20+ 1 18+ 1 80+ 3 121+ 6 62+ 4 81+ 10 30+2 12202 11205 Slx4 186
187906 28-31 16-19 76 - 34 117 - 137 a0 -73 74 - 100 27-32 6317 10-12 46 - 62 71-95
RA22 20 867z45 30+ 2 18+15 86+ 3 135+ 6 62+ 3 00+ 7 28+ 2 64+03 10+0.3 453 12+3
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781-923 28-36 7-2 15-92 125 - 148 32 -69 84-111 23-32 5.7-66 10-11 1-47 64 - 81
RA25 20 873=46 35+ 2 19+ 1 80+ 6 128+ 9 62+ 3 84+ 7 23+ 2 103 111 433 189
769956 31-38 7-21 7-89 107 - 139 56-79 75-95 22-29 6316 9-13 43 - 60 69 -
102
RA28 20  890=3% 20+ 1 18+ 1 84+ 3 125+ 4 60+ 2 0+ 6 312 103 1106 432 122
800950 27-31 15-21 17-95 120-132 57 - 66 70-87 28-34 63— 1 9-12 45 -32 60 - 77
RAS0 20 876357 32+ 2 0+17 80+ 7 126+ 7 9+ 4 81+ 8 26+2 =04 11+1 474 75£8
781981 31-3 18-23 37-89 109 - 136 52 - 66 66 - 95 22-3 6313 10-14 42-35  65-94
RA34 20 872=60 20+ 3 17+13 30+ 4 133+ 7 39+ 3 02+7 30+2 6604 112035 453 3x3
762969 23-34 15-19 12-87 121-142 52 - 69 77-101 27-33 5.6-13 10-12 40-33 7-83
Type# 20 850 23 156 83 133 62 100 N H i i H
izolats 750950 2-27 15-17 71-92 115-150 55 - 67 89 - 108
Neguyen and Adams, 2002 51 L €2 sexle a omie D pde + sl 68 aals S na el el S S s

* Mem + Standard deviation; ** Range; + Data not available
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Table 3. Morphometric of geographical isolates of S. felfize and type isolate male.
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[RA17 20 867 +138* 5613 it 44 +4 142112 5116 8810 59x6 9+ 388 4214 138+20 1.8+0.2 62 £10
669-111§** 42-70 28-37  34-49 125-161 49-68 73-107 48-70 7-10 27-52 34-46 105-165 14-21 46 -73
IRAZI 20 1046 = 59 73+13 3343 18 +4 131 43 T0£7 82x11 57x7 9z1 36+3 546 265435 17+012 63 £10
931-1150 56-103 27-39 20-34 119-145 52-80 57-99 47-65 7-11 28-3457 43-64 221-335 14-123 45 - 3D
[RA2Z 20 1037=1609 70£12 33£3 204 142 £8 797 91£9 645 1141 314 57+£8 268z44 22012 4027
793 - 1425 50-87 26-41  22-37 128-155 $9-93 76-106 56-72 3-12 22 -37 47-73  201-366 15-23 37-67
IRA23 20 1175152 5749 303 27 %35 133210 79£13 28 62x6 10%£1 33x3 59£8 28945 202 548
1019 -1744 42-73 24-35 19-44  105-150 62-101 71-109 43-71 §-12 2 2 46-71 225-408 1.6-2.3 43 -73
IRA25 20 1360+130D 133 £15 4143 3143 154 48 8247 929 T0£5 12:Ed 4043 546 271431 17+02 5746
1162 - 1625 114-171 37-44  25-40 144-172 56-92 73-106 59-82 9-12 50 -47 44-68 221-337 1-19 42 - 68
[RA2ZZ 20 1335+ 69 152212 40%4 Jox4 145 £6 764 97 £ § 67+3 13£2 48 &5 534 211422 1.7x01 54 %9
1268 -1406  132-156 33-41 33-41 127-148 72-78 89-105 54-70 11-16  43-52 49-56 189-233 16-18 53-79
[RA3D 20  1470=x258 82+14 34£2 390£3 128 £0 854 82+11 67x4 9107 47£3 67+4 221£19 1901 69£9
1106 - 1662 61-106 31-38 34-45 109-13% 79-93 67-100 58-74 3-10 J=152 61-74 176-248 16-2.1 60 - 81
[RA34 20 1334270 102 £ 26 427 35£3 145211 82 £15 95£15 693 11=x1 44 £3 56+8 2334£52 1702 65£35
931 -1725 54-124 30-50 32-41 127-158 62-99 75-117 53-73 9-12 39-47 47-65 173-303 14-18 59-73
Type 10 934 13 - 27 130 130 - 62 - 40 - - - -
isolate 350-1000 60 -90 22-32  110-150 65-85 60-65 35-45

* Mean £ Standard deviation; ** Range; + Data not available
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Fig. 5. Two dimensional canonical discriminant
analysis related to cluster analysis of fig. 4.
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Fig. 4. UPGMA clustering of geographical
isolates of S fetiae based on infective
juvenile morphometric data.
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Table 4. Multivariate analysis of infective juvenile and male morphometric data of S feltiaeisolates.

Sour ce F value df Statistic

Infective Juveniles Pillai’s Trace 5.693* 808 3.288
Wilk's Lambda 50.522* 643.4 0.00
Hotelling's Trace 78274.3* 738 81456.23
Roy’s Largest Root 685549.2* 101 81451.4

Maes Pillai’s Trace 6.665* 592 4.315
Wilk's Lambda 37.684* 472 0.00
Hotelling's Trace 8604.41* 522 13714.31
Roy’s Largest Root 77988.37* 74 13700.66

*Significant differencea P < 0.01
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Table 5. Variance analysis of infective juvenile morphometric data of geographical isolates of 5. feltiae

Mean Squares

Source Degrees of Freedom
e D « b A NR EP Es T AbW W L
Population 8 7.6% 307* 0.16* 006 1.15* 11.01* 518 2404* 96* 047* 1.38= 1103.8*
Emor 103 3952 1774 046 012 427 7212 3232 4732 237 1.53 4.08 21847
*Significant difference at P = .01 ez S0 el i il e W
5. feltige aallas s, po gloaldon S8l 3l av Sy gls ame Sl aoied N Jpas
Table 6. Variance analysis of infective juvenile morphometric data of geographical isolates of 5. feltiae.
Mean Squares

Source Degrees of Freedom

GS SW e D GL SpL T AbW NR EP Es w L
Population 8 3.99= 0.003* 6564* 353*% 1.69* 455 126 138 g79* 5 78* 213* 10.01* 1542.7*
Error 79 39 0.036 1346 349 329 3306 1%.15 125 1086 7661 939 321 20937

demnr S ezl alal ga s e

*Significant difference at P < 0.0F
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Fig. 7. Two dimensional canonical discriminant
analysis related to duster analysis of figure 6.
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Fig. 6. UPGMA clustering of geographical
isolades of S feltiae based on mae
morphometric data.
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Fig. 8. Digedtions of ITSrDNA of isolate IRA34 using 16 restriction enzymes (upper
rows). Left and right columnsindicate 50 and 100 bp. ladder, respectively.
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Table7. ITSaDINA REFLP profiles of geographical and Pumping isolates of 5. feltiae.

Isolate Acrcession Himfl  Pvull BsuRl Xbal Hin6l Alul Mspl Kpnl Rsal Psil  Mbel

Number

Pumping ~ AY170336 612 - 829 - 879 513 861 - 431 621 318
194 151 101 257 a7 237 339 230
166 177 22 193 87
9 33 117 77
2 39
TRA34 490 - 230 - 820 510 280 - 420 610 380
220 180 130 290 130 230 380 230
170 210 210 130

® 120
% Undetectable fragments may be present AT e T T TR
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