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Investigation and comparison of aerobic and Iranian rice based on markers linked
to traits related to drought and salinity tolerance and their relationship with
germination traits under osmotic stress
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ABSTRACT

Aerobic rice is as useful potential in reducing of water problem. Comparison and investigation of genetic differences
between Iranian rice varieties and aerobic rice can be useful in identification of genomic regions influencing in
drought tolerance. In the present study in addition to an examination of germination genotypes under osmotic stress,
allelic diversity were evaluated in 53 genotypes including 31 aerobic rice and 22 lowland Iranian rice varieties based
on 26 SSR markers linked to QTL associated with drought and salinity tolerance. A total of 118 polymorphic alleles
of microsatellite loci were produced with an average of 4.54 per marker. The highest calculated PIC level of 0.77 and
0.76 and the maximum range genetic diversity of 0.80 and 0.79 were related to RM10793 and RM493 respectively.
Overview of genetic diversity statistics showed that two markers RM10793 and RM493 had higher values the other
markers and more obvious role played in genotype differentiation. Grouping of genotypes according to Jaccard
similarity coefficient using algorithms neighbor joining assigned them into two groups. This classification had
significant compliance with the results of cluster analysis using the WARD algorithm based on germination traits.
This may indicate the effectiveness and confirmation of used microsatellite markers in the separation of genotypes for
osmotic tolerance.
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Table 1. Information of rice genotypes in present experiment

NO. Code  Name NO. Code  Name NO. Name
1 AE1  Palawan 19 AE19 IR 83749-B-B-46-1 37  Anbarbou
2 AE2  IR66417-18-1-1-1 20 AE20 IR 82589-B-B-114-3 38  Salari
3 AE3  IR71525-19-1-1 21 AE21 IR 82589-B-B-84-3 39 Neda
4 AE4  IR60080-46A 22 AE22 IR 82590-B-B-90-4 40  Ahlamitarom
5 AES IR65907-116-1-B 23 AE23 IR 82590-B-B-94-4 41 Alikazemi
6 AEG6 IRAT170 24 AE24 IR 82590-B-B-98-2 42 Khazar
7 AE7  Caiapo 25 AE25 IR 82635-B-B-143-1 43 Hashemi
8 AE8  Pegaso 26 AE26 IR 82635-B-B-32-4 44 Champaboudar
9 AE9 IRAT216 27 AE27 IR 83749-B-B-87-3 45 Gharib
10 AE10 IR 81024-B-254-1-B 28 AE28 IR 83752-B-B-12-3 46  Domsiah
11 AE1l IR 81422-B-B-200-4 29 AE29 Panda 47  Sepidroud
12 AE12 IR 82310-B-B-67-2 30 AE30 Vandana 48 Kadous
13 AE13 IR 82590-B-B-32-2 31 AE31 Nona Bokra 49 Dorfak
14 AEl4 IR 82616-B-B-64-3 32 - Ghasroldashti 50  Gohar
15 AE15 IR 82635-B-B-82-2 33 - Sangetarom 51 Hasansaraei
16 AE16 IR 82639-B-B-103-4 34 - Sangejo 52 Nemat
17 AE17 IR 82639-B-B-118-3 35 - Rashtisard 53  Sadri
18 AE18 IR 82639-B-B-140-1 36 - Shahpasand

Aied (Sl SB,e slaed, OF B YY 515 glsn slacaisss ¥V LY 5L
Number 1 to 31 are aerobic genotypes and 32 to 53 are lowland varieties.
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Table. Information of used microsatellite markers.

Number Name Reference Number Name Reference
1 RM5 Diwan et al., 2013 14 RM480 Gramene site
2 RM7 Diwan et al., 2013 15 RM493 Thomson et al., 2010
3 RM104 Vikram et al., 2011 16 RM510 Venuprasad et al., 2011
4 RM140 Thomson et al., 2010 17 RM511 Bernier et al., 2007
5 RM190 Gramene site 18 RM523 Bernier et al., 2007
6 RM212 Wang et al., 2005 19 RM3805 Venuprasad et al., 2011
7 RM231 Diwan et al., 2013 20 RM5672 Gramene site
8 RM270 Gramene site 21 RM10793 Thomson et al., 2010
9 RM276 Gramene site 22 RM11943 Vikram et al., 2011
10 RM302 Venuprasad et al., 2011 23 RM12091 Vikram et al., 2011
11 RM306 Diwan et al., 2013 24 RM19367 Venuprasad et al., 2011
12 RM319 Wang et al., 2005 25 RM28099 Bernier et al., 2007
13 RM431 Vikram et al., 2011 26 RM28166 Bernier et al., 2007
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Table 3. Genetic diversity statistics for 26 microsatellites markers

Major. Observed  Effective Nei
Marker Allele. number number Dic\slgpseit PIC gene Sl?%r;?(n
Frquency  of alleles  of alleles Y diversity

RM5 0.3396 6.0000 3.8852 0.7426 0.6988 0.7426 1.4816
RM7 0.5200 3.0000 2.5720 0.6112 0.5409 0.6112 1.0184
RM104 0.4528 3.0000 2.8062 0.6436 0.5706 0.6436 1.0650
RM140 0.4906 3.0000 2.6376 0.6209 0.5469 0.6209 1.0228
RM190 0.3774 6.0000 3.8322 0.7391 0.6983 0.7391 1.5044
RM212 0.3396 6.0000 45233 0.7789 0.7470 0.7789 1.6262
RM231 0.4583 4.0000 3.1220 0.6797 0.6273 0.6797 1.2521
RM270 0.3019 4.0000 3.8114 0.7376 0.6889 0.7376 1.3605
RM276 0.4151 7.0000 4.0534 0.7533 0.7242 0.7533 1.6467
RM302 0.4906 6.0000 3.3721 0.7035 0.6742 0.7035 1.4921
RM306 0.4583 3.0000 2.6976 0.6293 0.5531 0.6293 1.0391
RM319 0.5094 2.0000 1.9993 0.4998 0.3749 0.4998 0.6930
RM431 0.3774 5.0000 3.3321 0.6999 0.6433 0.6999 1.3036
RM480 0.4423 5.0000 3.3548 0.7019 0.6570 0.7019 1.3770
RM493 0.3208 6.0000 4.7853 0.7910 0.7609 0.7910 1.6569
RM510 0.3922 5.0000 3.1604 0.6836 0.6267 0.6836 1.2915
RM511 0.5000 3.0000 2.1589 0.5368 0.4295 0.5368 0.8325
RM523 0.3725 5.0000 3.6378 0.7282 0.6837 0.7251 1.4164

RM3805 0.3019 6.0000 4.4944 0.7775 0.7450 0.7775 1.6341
RM5672 0.5294 3.0000 2.2061 0.5467 0.4486 0.5467 0.8687
RM10793  0.2979 7.0000 5.0091 0.8004 0.7726 0.8004 1.7486
RM11943  0.4717 4.0000 2.9230 0.6579 0.5992 0.6579 1.1964
RM12091 0.6346 6.0000 2.2609 0.5577 0.5249 0.5577 1.1551
RM19367 0.5000 3.0000 2.5562 0.6088 0.5323 0.6088 1.0066
RM28099 0.5217 3.0000 2.5311 0.6049 0.5324 0.6049 1.0057
RM28166  0.4151 4.0000 3.4382 0.7091 0.6596 0.7091 1.3098
Total 115707  118.0000 85.1606  17.5440 16.0608 17.5408  33.0048
Mean 0.4320 4.5385 3.2754 0.6748 0.6177 0.6746 1.2697

oylgale 5, ,S5Las Y& (gl SLbh g4 sloe,lel X oz aslol
Continued table 3. Genetic diversity statistics for 26 microsatellites markers
Major. Observed  Effective Nei

Gene Shanon
Marker Allele. number number Py PIC gene

Frquency ofalleles  of alleles Diversity diversity Index
RM5 0.340 6 3.885 0.743 0.699 0.743 1.482
RM7 0.520 3 2.572 0.611 0.541 0.611 1.018
RM104 0.453 3 2.806 0.644 0.571 0.644 1.065
RM140 0.491 3 2.638 0.621 0.547 0.621 1.023
RM190 0.377 6 3.832 0.739 0.698 0.739 1.504
RM212 0.340 6 4523 0.779 0.747 0.779 1.626
RM231 0.458 4 3.122 0.680 0.627 0.680 1.252
RM270 0.302 4 3.811 0.738 0.689 0.738 1.361
RM276 0.415 7 4.053 0.753 0.724 0.753 1.647
RM302 0.491 6 3.372 0.704 0.674 0.704 1.492
RM306 0.458 3 2.698 0.629 0.553 0.629 1.039
RM319 0.509 2 1.999 0.500 0.375 0.500 0.693
RM431 0.377 5 3.332 0.700 0.643 0.700 1.304
RM480 0.442 5 3.355 0.702 0.657 0.702 1.377
RM493 0.321 6 4.785 0.791 0.761 0.791 1.657
RM510 0.392 5 3.160 0.684 0.627 0.684 1.292
RM511 0.500 3 2.159 0.537 0.430 0.537 0.833
RM523 0.373 5 3.638 0.728 0.684 0.725 1.416
RM3805 0.302 6 4.494 0.778 0.745 0.778 1.634
RM5672 0.529 3 2.206 0.547 0.449 0.547 0.869
RM10793 0.298 7 5.009 0.800 0.773 0.800 1.749
RM11943 0.472 4 2.923 0.658 0.599 0.658 1.196
RM12091 0.635 6 2.261 0.558 0.525 0.558 1.155
RM19367 0.500 3 2.556 0.609 0.532 0.609 1.007
RM28099 0.522 3 2.531 0.605 0.532 0.605 1.006
RM28166 0.415 4 3.438 0.709 0.660 0.709 1.310

Total 11.5707 118 85.161 17544  16.061  17.541 33.005
Mean 0.4320 4.538 3.275 0.675 0.618 0.675 1.270
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Figure 1. Cluster analysis method Neighbor Joining (NJ) using Jaccard coefficient. Green, blue and red colors
branches represent aerobic, lowland and aerobic same group with lowland varieties respectively.
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Figure 2. Dendrogram of cluster analysis of rice genotypes Ward method under -16 osmotic condition based on all
studied traits (genotypes number showed in Table 1).
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