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Abstract

The study was intended to investigate the morphological, morphometric and molecular characterization of
eight geographical isolates of the entomopathogenic nematode Steinernema feltiae from northwest of Iran.
The results showed no detectable morphological variations, but significant morphometric variations were
recorded among theisolates. Clustering based on morphometry of infective juveniles, classified theisolatesin
the following three separate groups: group | consists of IRA30 and IRA25; group Il includes IRA21, IRA23,
IRA34, IRA28 and IRA21 and group IIl contains of IRAL7. Clustering the isolates based on the mal€'s
morphometric characters, yielded nearly similar results and four groups were constructed as follows: group |
ismade up of IRA22, IRA23 and IRA21; group Il holds IRA25, IRA34 and IRA28; group |11 contains IRA30
and IRA17 constitutes group 1V. No intraspecific variation was observed among PCR-RFLP patterns of the
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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 exotic ones, they are unable to detect variations among native isolates. Therefore, only ITS-
rDNA sequence based phylogenetic analysis can effectively clarify the intraspecific variations of S. feltiae.
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Table 1. Location and vegetation of sites with entomopathogenic nematodes of
the geographical isolates of Seinernema feltiae 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 Whest field
IRA25 East Azarbaijan Ahar Alfalfafield
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
2Ygeneration, C) Tail of 1%
generation and D) Tal of 2™
generation.
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Fig. 2. Mae of S feltiae: 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. feltiae: A) Anterior end of body, B) Lateral field showing longitudinal
ridges.
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803.1016*= 28 _34 16-2 793432 120. 147 47 . 62 71-111 27-34 6.7-7.% 10- 12 43 .51 52.73
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Nguyen and Adams 2002 ;| lz o ® | pde = sl T aals S8 o llild el - KL S

* Mezn + Standard deviztion; ** Range: + Data rot avalzdle
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Table 3. Morphometric of gecgraphical isolates of §. felfine and type isolate male.

g Ala 38, felline wdiles 5y g0 glaeglis S5 N el Sy dl Y sl

4yl m L W ABW T Es EP NR SpL. SpW 6L D E sW GS
IRALT 20 867=138%  56=8  32£#3 44%4 142£12 5126 88=10 5926 9=1  38=8  42=4 135%20 18§02 6210
669-1118%  42-70  29-37 34-49 125-161 49-68 73-107 48-70 7-10 27-52  34-46 105-165 14-2.1 46-78
IRA21 20 104659  73£13 3323 28%d4 13148 7027 821l 57%7 9=l  36=5  S4=6 265%35 1702 6310
931-1150  56-103 27-39 20-34 119-145 52-80  57-99  47-65 7-11 28-3437 43-64 221-335 14-23  45-80
IRA22 20 1037£160 70412 3343 2044 14248 7947 9149 645 [1£1  31=4 575 268244 202 49%7
793-1425  50-87  26-41 22-37 128-155 69-93 76-106 56-72 B8-12 2237  47-73 201-366 15-23 37-67
IRAZZ 20 1175152 729 3043 2745 13310 79=13  92:8 626 10=1 33=5 598 280454 202  54+38
1019-1744  42-73 2435 1044  105-150 62-101 71-100 48-71 8-12  24-42  46-71 225-408 16-25 43-73
IRA25 20 1360130 133415 4143 31%3 15448 8247 929 705 12z 405 5426 271£31 1702 576
1162-1625  114-171  37-44  25-40 144172 66-92 73-106 59-82 9-12  30-47  44-68 221-337 1-19  42-68
IRA28 20 1335269 152212 4044 36%4 14546 7644 978§ 673 13=2  48=5 534 211222 17400  64£9
1268-1406  132-156 33-41 33-41 127-148 72-78 §9-105 64-70 11-16 43-52  49-56 189-233 16-18 53-79
IRA30 20 1470£258  B2£14 3442 3943 126840 8544 8211 674 9207 47£3 674 221410 19400 6940
1106-1662  61-106 31-38 34-45 109-139 79-93  €7-100 58-74 B8-10 39-52  61-74 176-248 16-2.1  60-81
IRA34 20 13842270 102226 42#7  35%3 145411 82=15 9515 69+8 [11=1 44=3  56=8 233452 17402 65%5
931-1725  54-124  30-50 32-41 127-158 62-99 75-117 43-73  0-12  39-47  47-65 173-303 14-18 59-73
Type 10 934 75 . 27 130 130 . 2 . 40 . s " ‘
isolate 850 - 1000 60 =90 22-32 110-150 65 -85 50-65 35-45

*Mean + Standard deviation; ** Range; + Data not available
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Fig. 5. Two dimensional canonical discriminant Fig. 4. UPGMA clustering of geographical
analysis related to cluster analysis of fig. 4. isolates of S feltiae based on infective

juvenile morphometric data.
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Table 4. Multivariate analysis of infective juvenile and male morphometric data of S feltiae isolates.

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 814514
Males 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 differenceat P < 0.01 2o y0 S Jloi! mhaw j0 s xa
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Tahle 5. Variance analysis of irfertive mvenile morphometric dzta of gengraphical isolates of S _falrine

Mean Squares

Source Degrees of I'reedom

e D c b A NR EP Es T AbW w L
Population t 7.6% 307 0.16% 0.06* 1.15* 11.01* 5.18* 2404 H6* 047 138 1103 8=
Emor 105 5952 1774 046 012 427 7212 3252 4732 257 1.55 4.08 21847

*Significant difference at P < 0.0/

L-.bk.p%.ulrf..l_”r.ln\f.k._.. e

S MWNM.Q& i - l“m.bf.. i kl.. b_\.w_ P T h_.b\._l.rﬂ- .lll.._-l.ln_lo R = LH#
Table 6. Variance analysis of infective juvenile morphometric dzta of geograpaical isolates of 5. falfiae.
Mean Squares
Source Degrees of Freed
GS SW e D GL SpL T ALW NR EP Es W L
Population 8 3.99% 0003 6564 353  1.6Y™  455% 126 138F  E/YT 6/8® 213 1001 1x4L¢
B 79 59 0036 1346 349 329 3306 1815 125 1086 7661 939 321 20937

*Significant dilference at £ < 0.01
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Fig. 7. Two dimensional canonical discriminant

analysisrelated to cluster analysis of figure 6.
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Fig. 6. UPGMA clustering of geographical

isolates  of
morphometric data.
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Fig. 8. Digestions of ITS-rDNA of isolate IRA34 using 16 restriction enzymes (upper
rows). Left and right columns indicate 50 and 100 bp. ladder, respectively.
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Table7. ITSaDNA EFLP profiles of geographical and Pumping isolates of 5. feltiae.

Izolate Apccession Hinfl  Pyull  BsuRI Xbal Himbl All  Mspl KEpnl Rsal Psfl Mbol

Number

Pumping  AY170336 612 - 819 - 879 313 361 - 431 621 518
194 131 101 257 97 237 350 239
166 177 22 193 g7
9 33 117 17
2 50
IFA34 490 - 830 - 820 310 280 = 420 610 380
220 180 130 290 130 230 380 250
170 210 210 130

* 120
# Undetectable fragments may be present L B0 R P i S o el b w3y Sl

3l ol zb Pumping «la= L OF Gd! o s slaalis PCR-RFLP ¢ ;S IS calii bt
leu\;- c)_’.ws uﬁdwsfe‘tlae&lzﬁ‘js} 6[.& 4{\.3;- &:.{E)A J.<.IL;4 U’l\ L;v‘\)ls olas Ulw:-’ ‘CJ; Q)}—ﬁ e B
Slasl 5 LB s ep s S ke slas gilad 3l eslisad S0 st sladle 53 3L s (PUMPING) aslie 5550 4l |

o 5 0 Gy e Sl s eslinal 3y e 3 10 e 5l Ola b Ol gsy BT 2 S
SET s s Sldlas ol d s (Henneman & Memmott, 2001) <l 45 S 513 ax 55 5 oy 2 5530 3kt b
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