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EST-SSR Primer Development of Elm Transcriptome
and Genetic Diversity Analysis
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Abstract ; At present,the available molecular markers of elm have been seriously deficient,which can not meet
the needs of molecular marker assisted breeding and evaluation of germplasm resources. In this study, transcriptome
data of Ulmus pumila L. were used as materials to develop and verify EST-SSR markers of elms. The availability of
primers were checked in different elm resources. Moreover, the genetic diversity of different elm resources were anal-
ysised by using the developed primers. In this study,8828 perfect SSR and 569 compound SSR locis were detected
in 36609384 bp sequences of Unigene sequences by using the transcriptome data of Ulmus pumila L. . The length of
perfect SSR sequence were mainly based on short sequence of 10 ~22 bp. The largest proportion of SSR repeat units
were A/T(3330,40. 18% ) ,followed by AG/CT(1211,14.61% ) and AAG/CTT(568,6.85% ). In this study,we
selected 90 pairs of EST-SSR primers randomly for validation analysis, the effective amplification rate was 51. 11%
(46 pairs) of which 63.04% primers (29) were high polymorphism primers. The polymorphism information content
PIC were ranged from 0. 054 ~0. 683 ,which greatly enriched the resources of the elm SSR primers. This study con-
firmed the availability of SSR primers in different elm resources. Cluster analysis showed that the majority of elm
clones were separated from their origin, which proved the validity of the EST-SSR primers that developed in this

study from the other side. The SSR primers developed in this study can distinguish most of the elm resources, and
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coincide with the traditional taxonomy ,which provides the molecular basis for the classification of Ulmus plants.

Key words ; ulmaceae ; transcriptome ; EST-SSR ; primer exploitation
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Table 1 Detection result of EST-SSR primer
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SSR #4555 SSR searching result Ui Number
J¥51) BB Total number of examined sequences 17624
JF 31K JE (bp) Total size of examined sequences 36609384
SSR {37 5 BB Total number of identified SSR 8288
1% SSR 51 %L Number of SSR containing sequences 5780
£85 1 LAl SSR A 255514, Number of sequences containing more than 1 SSR 1689
524 SSR {37 %% Number of SSR present in compound formation 569
HA%HFER Mononucleotide 3344
AR Dinucleotide 1987
ZHAFIR Trinucleotide 2866
VYA BR Tetranucleotide 76
FAETFFR Pentanucleotide 11
ANEFFR Hexanucleotide 4

2.2 HRH SSR EF EE LRI TNINREFE
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PP =R EE T
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Fig. 1 Distribution of SSR sequence length
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Table 2 Structure of different EST-SSR repeat units
WwE NI FEWEL Number of replication =y
Repeats 5 6 7 8 9 10 11 12 13 14 15 >15 Total
A/T 1208 630 435 295 206 211 345 3330
C/G 10 3 1 14
AC/GT 89 57 42 14 10 5 1 218
AG/CT 479 298 191 139 89 15 1211
AT/AT 249 152 90 46 15 3 555
CG/CG 1 1 1 3
AAC/GTT 332 153 28 1 514
AAG/CTT 391 144 32 1 568
AAT/ATT 267 147 23 437
ACC/GGT 98 28 17 143
ACG/CGT 55 13 2 70
ACT/AGT 77 34 16 2 129
AGC/CTG 264 109 17 2 392
AGG/CCT 123 38 12 2 175
ATC/ATG 217 94 34 2 347
CCG/CGG 61 24 5 1 91
HoAth Other 72 15 2 1 1 91
ST Total 1957 1616 696 335 200 1334 656 437 295 206 211 345 8288
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From left to right were Ulmus davidiana var. japonica( Rehd. ) Nakai (C1-C14) , Ulmus pumila (B1-B7) ,Ulmus laciniata (Trautv. ) (Q1-Q2),
Ulmus davidiana (H1-H7) , Ulmus macrocarpa( D1-D4)

2 514 013,024 XA mAME T EER
Fig.2 Amplification results of all elm species by primer O13 and 024

[ 284k, b A 17 X514 (36.96% ) WAEZ 254k,
R%Lﬁbfiﬁﬁ?fﬂ/J%.*HXT%ﬂ‘ AR SEARPERAIG
BEIWZ MG B &8 PIC 16 0. 054 ~0. 683 [i]
Ak, 519 019 £k, 519 03 fei , B AR 28K

2.5 S|YSRUESH
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Table 3 Ambplification results of different primers in elms
nAGEE71 2] BT 2]l o PR M 2Nk
319 wgeT e
. Forward primer sequence Reverse primer sequence . Number ~ Number of {8
Primer Repeat unit .
(5'-3") (5'-3") of bands  polymorphic PIC
bands
J1 CGTAACCTTCTTCACGCCTC ATAGGGGACAAAATCGAGGG (TTC)4 3 3 0. 566
J5 TGTGCTTTTGTTTGAGGCTG AAGAAGGGAGCAAAGAAGGC (GCC), 2 1 0. 369
Jo AGAAATGGGGTTTTGCTGTG GCAGAAGAGCTTTGGGTTTG (TTC)4 3 3 0.524
17 TGAAAGTGGCAAAGGTAGGG TCGTTCTACGGCAAAGATGA (TTA) 4 4 0.477
19 TACCCTTCCTCAACTCAGCG ACACCCACATCGTTTTCCTC (TC)g 1 0 —
J10 ACCCTCTCTCCGGTGCTAAT AGCCGATTCCCTGAAATTCT (AAG) 1 0 —
I CCTCATCTGCCTTGTTGGAT GTGGATAGAGTGGTCGCCAT (TCT), 1 0 —
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Prir o Forward primer sequence Reverse primer sequence Repeat unit Number mmmq IE)sE

(5'-3") (5'-3") of bands  polymorphic  PIC

bands

2 AGGAATGAACTCCTCGCTCA AGGAGAGGGCATCACCTTTT (CTT) 4 3 2 0.277
3 CTTATCTGCTTGGCCACCAT TCTCTCTCCCTCCCTTCCTC (GAT), 4 3 0.225
J14 CACATTCTAATTGAATCGCCA CGCCATGTCCGTAACCTATC (A)s*(T) o 6 6 0. 458
15 TGGATAAAGGTCGGAAAACG GGAGAGGCGTCTCAAGTGTC (AGA)4 4 4 0.232
Ji6 GGAGACGATGATACGGAGGA CTCTTGGACTCCCTCACAGC (GGC) s 3 3 0.4
n7 GACGTCGTCTGGGAAAATGT CTCGAAGAACTGGACGAAGG (TCC), 3 3 0.397
J18 TTCATTTGGGCAATCATCAA TCCCAAACTCACAAGGGAAG (ATAG), 1 0 —
120 AACTGGGCCAACAGTTTCAG GAAGCTGGTGTTGGGAGTGT (ATC) s 1 0 —
121 CCCATTTCAGGGATACCGAT GGCTGCCATTTTGTTGTTTT (GCT) 5 1 0 —
22 CCATCAAAGGCATTAATTTTCC TCCAAGCGGAGCTAGAAAAG (TCT), 1 0 —
124 GCTTTCCAAGGAAGATGCAA GGCAAACGCTTACGAAAAGA (AT), 1 0 —
125 ACACATCAATTCTCGGGCTC AATAGCGGCATCAAAAATGC (A, " (T 1 0 —
F1 GGCAAACGATTTGAACACTTG ATCGGAGCTGAAGAACAAGC (AAT) s 3 3 0.336
F3 TCCTTTCGATTGGTCTGACA TTTTGGGGTCATATTCAGCC (TTG) 5 2 2 0.37
F6 TGTGTGTGAGTGTGCTTGGA TCTTGCAAACACGGAATGAA (CT)4 2 1 0.311
F7 AGCAGCACCAACAACAACAG TCGTGAAGTTGGCTTCAATG (AGG) 5 1 0 —
F8 GGAAAGGCCGCTTTATTTCT AGACGCTTCGAGAGCTTGAG (CTT) 1 0 —
F9 TTTCCCGTACAAAGTTTGCC GCTCCATTGTCAAGCAACAA (AG), 3 3 0.257
F10 TCGATTTCCGGTTTGCTAGT ATTAGCCTTTGGGAAGCCAT (TTC) 4 4 0. 549
F12 TGGTCAAGGGGAACAAACTC CCACCATAAGCACCACCTCT (TGG), 3 2 0. 146
Fl14 GGTAGGGAACCGAAGTAGCC GCCATGTATTGGGGAGAAGA (GAA); 1 0 —
F17 GGAGGTGGGACTGCTAATGA TACCGGTGCCTAATCCAGAC (CAA) 5 2 1 0.171
F19 TGGTCCTGGCTACTCTGACC TCCATAGAGGAGTATGGCCG (CCT), 4 4 0. 524
F20 AGATGGATCAACCTGTTCGG TCATATAAAGCTCCAAAACCATGA (GAA) 2 1 0. 361
F22 CGTTCCATCACAATTTCCAA CGTTTTTCTCTCTTGTCGCC (TTG)5 * (TGC)s 1 0 —
F23 TTCCATCAAGGCAACAACAA ATGATCACCAGCTCCTCCAG (CAA), 1 0 —
F25 GAAGGCAGAGGACCAAGAGA TGGATTTGGGTTGTGTGCTA (ATTT) 2 1 0.199
02 AATTTCCCATTTCCGTCCTC AGGGAAAACAGCGAAGAACA (TC)g 2 2 0.141
03 AAAGCTCAAACCCAAAGCAA CAACTGCATTGAAGAGGCAA (CT), 5 5 0. 683
08 GCCCTGCAACTGAACTTCTC GCAAAGGGTGGACCTGTAAA (GCC)y 3 3 0.333
010 AGAAGAACCGCCTTTGGATT TGGAGTCCAAAACAACAAAAA (T)," (T) 3 3 0. 455
011 ATTTTCCCAATGGAAAGCTG TTGAAAATCTTGCCAATCCC (CAAAA) 4 4 0.515
013 ATTCCCAAGGAGGAGGAGAA TTGAGCCAAAAAGAAAAAGCA (TG 4 4 0. 608
017 CCGCCGTGAAAGCTACTATT ACCGGATTCCTCTTCTTCGT (CGG) 4 4 3 0. 417
019 CACCCCTTTGTTGAAAGCAT TGCTTCTCTTCTCCCAGGAA (CT), 2 1 0. 054
021 AAATCTTAGGCCTTCTCCCG TCAAGGAGATCGAAACCACC (AAT), 1 0 —
024 CCTCGTCCTCTTCGTAGTCG GCTCACACCCACCGTAATCT (GCG) 5 3 2 0.45
020 CAAAGAGAGCTCATCCCTGC GCCTAGCCTCTTTTTGTCCC (TCT) 4 2 0 0.375
025 CATGGACGATGTCTGATTGA GCGAATTGGACGATTTGTTT (TA), 1 0 —

* FIR N AT SSR A a4,

* Means compound SSR loci
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T 3 AT AT B L M XA [ AR 2 A £
LR R ER (R 1), AWM IEHEZE
PR A5 20 FUTE 27.59% ~79. 31% [a] 284k, | i Al
SRR R B AR AN [ SR O I 45 7 5 PR 4K
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Table 4 Genetic diversity of different elm populations

fR(1.2759) . HELFEAIFEHFEC N,  Shannon's $8 %%
I Nei's B ZRE0E H SRR G B H 100 Bt
i, B B K. W A S BE H, A AR B
(0.3350) , 2 Hir 5 1€ (0. 2069 ) . HF5E R W, B
L8] A5 5 T P A A R A 1 35 1 22 R A vy | B
YA ZHEIERI,

Z&#E Population P(%) N, N, 1 H H, H,

FMi U. davidiana Planch. var. japonica (Rehd. ) Nakai 75. 86 2.1034 1. 5296 0. 4390 0. 2745 0. 3350 0. 2847
Fifii U. pumila L. 68.97 1. 8621 1.4908  0.4108  0.2590  0.2759 0.2789
Z4Hii U. laciniata (Trautv. ) Mayr. 27.59 1. 2759 1.2483 0. 1822 0. 1293 0. 2069 0.1724
4 U. davidiana Planch. 79.31 2.1034 1. 6575 0.5018 0. 3082 0. 3005 0.3319
KA U. macrocarpa Hance 58. 62 1. 7586 1.5414  0.4131 0.2705  0.3276 0. 3091

P ZNEALRE S L N, ISR N N, A SRS AL B 1 B R AR B H o Ned's FEINZHEYE 1, WINZR B 12 H, BRI AR, T 1)

P . Percentage of polymorphic loci, N, : Observed allele number, N, : Effective number of alleles, !: Shannon's index, H: Nei's gene diversity, H, : Observed

heterozygosity , H, : Expected heterozygosity, the same as below

2.7 BRI REHEREEEQSH

X T A 22 VR A T8 2R R AL 45 )
Prol J(2 5) , AR W 2445 BE H A7 AEAER
Ze5t EALTE N 0 ~0. 9412, 47 2% J1 Fefik, 117 &%
o ANENL A B BRI B 2 & B2 H, AR
x5 FARERLAEESERSHEESN
Table 5 Heterozygosity and gene diversity of different loci

0.0579 ~0.7037,019 i s fefi%, 03 fi i fem . A
57 55 () Nei's DN ZREE H Z5ALFE R 0. 0571 ~
0.6933,019 Ak, 03 fe &, I A s B AR A B A
1%, SE 440K 0. 3876, iX 1 & EST-SSR v 45 £ &Pk
5 B & & PIC 5K B2 R,

02 0.0588 0.1124 0. 1107 0. 1203 J14 0.2941 0. 4456 0.4390 0.2270
03 0. 0882 0.7037 0. 6933 0.3730 JI5 0. 0882 0. 1945 0. 1916 0.2427
08 0. 0294 0.3648 0. 3594 0. 1097 J16 0. 0882 0. 3824 0. 3767 0. 1754
010 0. 1471 0. 6361 0. 6267 0.3136 J7 0.9412 0.5211 0.5134 0.5106
011 0. 1765 0.5035 0.4961 0.3476 F1 0.2353 0. 3494 0.3443 0. 1469
013 0. 3824 0.5737 0. 5653 0. 3893 F3 0. 0294 0. 4965 0. 4892 0. 1444
017 0. 8529 0. 5206 0.5130 0. 4837 F6 0. 3529 0.2950 0.2907 0. 1219
024 0. 7647 0.5180 0.5104 0.3903 F9 0. 0882 0. 1918 0. 1890 0. 1204
019 0. 0588 0. 0579 0.0571 0. 0703 F10 0.6176 0. 6273 0.6181 0. 4102
n 0 0.6514 0. 6419 0. 2306 F12 0. 0882 0. 0865 0. 0852 0. 1062
5 0.7353 0.4719 0.4650 0. 3668 F17 0. 1176 0. 1124 0. 1107 0. 1000
J6 0.1176 0.5737 0. 5653 0. 0760 F19 0.9118 0. 6093 0. 6003 0.5614
17 0. 5294 0.5013 0. 4939 0. 3244 F20 0.6176 0.4333 0. 4269 0.2832
J12 0.2059 0. 1927 0. 1899 0.2143 F23 0. 1471 0. 1383 0. 1362 0. 1077
J13 0. 1471 0.1418 0. 1397 0. 1330 -5 Mean 0.3073 0.3933 0. 3876 0.2483

Ave_He : F-Y 1R 5 BE
Ave_He ; Average expected heterozygosity
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Table 6 Nei's genetic identities ( upper triangular) and genetic distances(lower triangle) among different elm populations

FHi U. davidiana e

Eﬂ A
Py Planch. var. S U. laciniata A RFM
. . . . U. davidiana  U. macrocarpa
Population Japonica U. pumila L. (Trautv. )
. Planch. Hance
(Rehd. ) Nakai Mayr.
FAfi U. davidiana Planch. var. japonica (Rehd. ) Nakai 0. 8565 0. 6974 0. 8599 0. 6334
E#5 U. pumila L. 0. 1549 0. 6817 0. 8896 0.7042
Z44i U. laciniata (Trautv. ) Mayr. 0. 3604 0.3832 0.7699 0. 6421
4 U. davidiana Planch. 0. 1509 0.1170 0.2616 0.7633
KIBAHi U. macrocarpa Hance 0. 4566 0. 3507 0. 4430 0. 2700
2.8 AEMNAERES T AR BT IR AT RIS b IR 3 TN, T AT 34

N T =BT R S R R RSO AMTRJCE R B 100% X or I, Hoal KLy 5 26
REIIEY A5 R FIH DPS il MEGA 5.0 #F 551 JSEHR A IR R 2 (4 4> ROR M5 3
K EREXT R IE I IX A 5 By iy R OREF AT SR GO R B, 2R 9 — 28 50 2 e 4

¢ % bl T ¢
" e 0,05} g‘?
s)
) A
- .Q
Q? X .C"L
A
Q
Q7 o
Bla #Cl1
Cld ¢ *C3
B6 b *C; 2
o * 4%
> e \ \ LTe
Q'b‘ I.'JI B __‘___/ \ 7
%‘} v l___;;/‘\l \ ] Q)
/ A N
v / f | T A <
¥ 4Ly
a 5 o5 o %
=z =z B
-1 L=2]

& & U.davidiana Planch.var.japonica (Rehd. ) Nakai
A BT Upumila L.
[ 24 Udavidiana Planch.

F5H8 U.macrocarpa Hance

ZUHHi Ulaciniata ( Trautv. ) Mayr.

3 ET EST-SSR #RiCHY M a3 2E B
Fig.3 Dendrogram of the Ulmus L. based on EST-SSR markers
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SR TR A&, B 48 B RTRFE b
G —AEETFBE, 3 0 5 i 38 in Sk 45
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AHFSE S A 5] 8288 /MK i AU RN 569 A
A1 SSR A, EELIH M A EE TR
F. BEHLPEE 90 XF EST-SSR 5|4 ¥E AT 5 31E 43 #r
AR RN 51.11% (46 X)), 5HIFLZ) g4 1
(53.76% ) AHIT , 538 A7 A6 AT 200 1S 584 1K fry 1] A
H A % S 28008 T & EST-SSR, 1348 J2: He i &
TEA BT B, T LRI & R 519, SR, 78
SIS IR FR AR AR — A XERR R A7 A K d TEAL
PHEIG DRI K 5 I & i TAE R FIMERE . 5%
HR v REAFAE LA FILA . (1) M piR2E, H
T AR A s K A, A I B 8 P ad e
755 WS TR | AP 9 B MER P | SE 1T S 3805 | ik
THFETEIR 22, 51 05 DNA BN AE 4, ek
P38 (2) VRPN T, 78 3 A=A X S A 7 S
51T pet, DX AR L A ] D B, TG vk A 3 BRAR Y H
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I IZAEAE RNA S 0%, BIAE S St fh | i fe )

&AM B S:  RNA S n] BB & 80 1 ikt
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AR 851 ASF S RCRE (2 851%) £
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JESIAE S 2, EST-SSR i 15 £ 25 7K ST L Ji]
FEIOR H TR R G AR MK TR B e R 1R 1 5
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BRI R i TR R 5 1 I SCR (B 22 R R, AN ]
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SSR L5 I i S SR 5 AR AR 11 25 U5 G
Rt , SEG 2K 4, BEIH SSR 45 SR A e
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