i E A AEY) 2424 9] Chinese Journal of Cell Biology 2020, 42(2): 286-295 DOI: 10.11844/cjcb.2020.02.0014

ZL3Z =55 R 2ASSRIE B 0T R EST-SSRARIC H & M FH
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Analysis on SSR Information in Transcriptome and Development of
EST-SSR Markers for Hybrid Cymbidium
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(Crop Research Institute, Fujian Academy of Agricultural Sciences, Flower Research Center, Fujian Academy of Agricultural Sciences,

Fujian Engineering Research Center for Characteristic Floriculture, Fuzhou 350013, China)

Abstract EST-SSR primers suitable for hybrid Cymbidium were developed and screened to provide reli-
able molecular markers for germplasm resource evaluation and study on genetic variation. In the present study, tran-
scriptome data of hybrid Cymbidium was obtained by high-throughput sequencing technology. The SSR loci were
screened and the EST-SSR markers were developed, and then the genetic diversity of different germplasm were
analyzed. The results showed that a total of 18 603 SSR loci were mined from 31 724 Unigenes with a frequency of
58.64%. Mononucleotide repeat was the main type, accounted for as much as 65.10% of all SSRs, followed by di-
nucleotide repeat (23.56%) and trinucleotide repeat (10.76%). The dominant repeat elements were A/T, AG/CT, AT/
AT and AG/CTT, accounting for 64.72%, 13.74%, 8.19% and 2.51% of the total loci, respectively. 565 pairs of SSR
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primers were found by Primer Premier 5.0 and 28 efficient pairs of primers were randomly selected from 64 valid

pairs for polymorphism analysis. Thereinto, 16 pairs of primers showed clear and reproducible results indicating the

high poly morphism among 40 different germplasms, with the average PIC was 0.789. Based on the amplified poly-

morphic SSR data, the 40 materials were divided into 4 major groups by UPGMA. The dendrogram results were

accordance with the genetic backgrounds. In conclusion, the Unigenes generated from transcriptome data of hybrid

Cymbidium can be used as an effective source to development EST-SSR markers. The SSR markers obtained in the

study could be valuable candidate markers for improved varieties identification, genetic map construction, molecu-

lar marker-assisted breeding and functional gene mining of hybrid Cymbidium and other Cymbidium species.
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Table 1 Experimental material of hybrid Cymbidium
FFs HRR G 5 FEWEAR
No. Name or code Main ornamental characters
Cl Cym. ‘K18-1’ Yellow flowers, leaves with claw art, slightly fragrance
C2 Cym. ‘Liye Dafeng’ Bluish yellow flowers, slightly fragrance
C3 Cym. ‘Green Jade’ Yellow-green flowers, slightly fragrance
C4 Cym. ‘K32-1° Pink petals with longitudinal lines, lips with red spots, leaves with claw art, light fragrance
C5 Cym. ‘Golden Beauty’ Golden yellow flowers, lotus petals, aroma
C6 Cym. ‘Yufeng’ Bluish yellow flowers, slightly fragrance
Cc7 Cym. ‘Purple Element’ Reddish brown petals, delicate fragrance
C8 Cym. ‘Eighteen Princess’ Yellow-green petals, white lips with pink spots, faint scent
Cc9 Cym. ‘K37 Rose-bengal petals, white lips with purplish red patch, slightly fragrance
C10 Cym. ‘Huayun Danxia’ Crimson flowers with rouge red spots, slightly fragrance
Cl1 Cym. ‘K40’ Light pink petals, white lips with rose-bengal spots, lotus petals
Cl12 Cym. ‘Ballet Dance’ Orange-red petals with purplish red stripes, delicate fragrance
Cl13 Cym. ‘K21-1° Reddish brown petals with dark red stripes, leaves with gold edge, delicate fragrance
Cl4 Cym. ‘Red Beauty’ Dark red petals, yellow lips, slightly fragrance
Cl15 Cym. ‘K36’ Orange-red petals with carmine stripes, aroma
Cl6 Cym. ‘K21-2° Reddish brown petals with dark red stripes,leaves with silver edge, delicate fragrance
C17 Cym. ‘Huayun Hongxia’ Bright red flowers with carmine spots, slightly fragrance
Cl18 Cym. ‘K18’ Yellow flower, slightly fragrance
C19 Cym. ‘Summer Perfume’ Bluish yellow flowers with dark purplish red spots, aroma
C20 Cym. ‘Miss Taipei’ Pink petals with purplish red stripes, lips with deep red spots, delicate fragrance
C21 Cym.*Miss Korea’ Pink petals with longitudinal lines, lips with red spots, light fragrance
C22 Cym. Golden EIf ‘Sundust’ Yellow flower, delicate fragrance
C23 Cym. ‘Drunk Beauty’ Orange petals with red spots at base, aroma
C24 Cym. ‘Orient Express’ Orange-red petals with purplish red stripes, lips with red spots, delicate fragrance
C25 Cym. ‘K20’ Yellow-green flower, slightly fragrance
C26 Cym. ‘K33’ Yellow flower, lotus petals, leaves with claw art, slightly fragrance
Cc27 Cym. ‘Shuangyi Jinlong’ Yellow flower, slightly fragrance
C28 Cym. ‘K39’ Red petals with purplish red stripes, leaves with gold line art, delicate fragrance
C29 Cym. ‘K12’ Bluish yellow petals, lips with red spots, aroma
C30 Cym. ‘K26’ Yellow-green flower, delicate fragrance
C31 Cym. ‘K13’ Emerald green petals, white lips with red spots, lotus petals, delicate fragrance
C32 Cym. ‘Hong Zuanshi’ Red petals with white edge, white lips with red spots, slightly fragrance
C33 Cym. ‘Hong Guifei’ Pink petals with purplish red stripes, white lips with purplish red spots, delicate fragrance
C34 Cym. ‘Korea Peach’ Copper red petals with longitudinal lines, yellow lips with dark red spots, light fragrance
C35 Cym. ‘K38’ Beige petals with purplish red stripes, lips with bright red spots, aroma
C36 Cym. ‘K44’ Yellow flower, delicate fragrance, leaves with claw art
C37 Cym. ‘Teipei Express’ Beige petals with purplish red stripes, lips with bright red spots, aroma
C38 Cym. ‘K45’ Yellow flower, delicate fragrance
C39 Cym. ‘K42’ Yellow-green petals, light pink lips with red spots, aroma
C40 Cym. ‘K48’ Khaki petals with red spots, delicate fragrance

1.3 FRLBASSRALSHIE R S 519t

X 2 A8 22 s L 3RS B3 1 724 % KR
=1.0 KbfJUnigene, 1 F 17 55 42 8 T -MISAT A4 i3t
ITSSREZ RAR R, M RbrEN: = =, W4, Ti. N
ZERMEZEHE 2D N6, 5. 5. 5. 5%k FH

Primer Premier 5.0404- % FPCRY 5| W, 51 FES
;K 18~22 bp, 1B Kl 48~60 °C, I 75
WIIB KEE 72 Tm=<3 °C; GC& & N40%~60%, Y™
PR /N A150~300 bp, To R EERI AN AR, &
TH 58 E TENCBIEE %t 51 0334 T BLASTHAIE o
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1.4 EST-SSR PCR¥/ 1%

PCR % A& 52920 pL, HH 4520 ng/uLJDNA
BEAR2.5 pL 10 pmol/LI) - Ri#51#0%-1.0 uL. 10x 2%
MO (EMg) 2.0 pL. 2.5 mmol/LHJdNTPs 2.0 uL.
5 U/ULKITaq% & 0.2 uL. ddH,0 11.3 uL. PCR ¥~
HERET N 94 °CHIARE: 4 min; 94 °CAZME30 s, 48~54 °C
IBK30 s, 72 °CHEfH45 s, FL3SAMEIR; H 572 °CiE
110 min; 4 °CHRAF. PCRY =¥ 5K FH2.5% it
B J R K R AT MDA AR, 5 25 TG 4R i BUR AR A
HARRI 51, SRR i . A H AR B
FIFH 4 2 3B & A 73 Hr i (LabChip GX Touch 24)
BT HT .

1.5 HiESHh

SSRK A= %t % R ¥ A7 SSR ) Unigene 2 H 5 &
Unigene#§ H 1 LG AH, SSRA) A7 4l % S SSRAV. 15 4 5
M Unigene H I HAE . SiitIFid sk EiE & —
FE SR 3G BT = A2 (FIDNA G B, THE &L £
SR EL 551 2 25145 B & (polymorphism
information content, PIC) & £y K/N&5E. i % 1
DNA 5 10 2 5 af B s 6 B, A 9 38 21 AR 12 A
1, B2 INEE N0, N FNTSYS-pe2.10e i tF 1% 5
GRS H AT R B

2 BRESR
2.1 FREZFEFRAWBARERS

AL 25 I i B S5 A A 4H 3 S A3 £1188 734
% Unigene, H S KN 94 452 074.00 bp, “F
K1 064.44 bp, NSOK N1 627.00 bp, 2H3E
SERME R . I 1AL, Unigene K % (length, L)
FE200<L<500 bpZ 8] ] 731 0475, Fr i L9 9

30 0001
250001
20 0004

15 0004
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Number of Unigene

34.99%; K AES00<L<1 000 bp [8] [F]H25 961%%,
It 7 6 A5 2929.26%; K FEAE1 000<L<2 000 bp [i]
(I 19 3732, JIT o5 HL 1 R21.83%:; K& =2 000 bp
A7 12 351%%, BT 5 B9 oN13.92%

22 FAELEEFESSRUSHBESHH

FMISAH A4 %$1.0 KbLA _F #7131 7242 Unigene
7 54T SSRAE 48 2R, JL4% 53118 603/SSRAL A%,
I3 113 6375k Unigene !, KA N42.99%. H
W, HE A 14SSSRA £ Unigene 741459 735%%, &
A2 Je UL ESSRAL 13 (1) 7 11X A3 9025, SSR4>
A A N 58.64% ., 4 A8 24 e S HSSRAE Y 2 L DL
PREHR. TR =EHEREEANE, 295
SSRAV. /i & 5 [1965.10% 23.56%F110.76%; 1 VU
FRA N A% R B R A b, AN SSRA UL & Y
0.58%(3%2)-

HH#20) DL, 2% 58 2% i s 2 SSR# &7 5L e 1)
FIRKCN5~35%, Hds~10REH A 11 60114, 5
i SSRI162.36%; H IR A11~201K &, H6 8391,
5 ELSSRAI36.76%; 201k & LA _EIH 1634, 1L 5
0.88%. HH EI27] ML, #4748 22 % S5k HSSRIF K JE HE vp
1E10~60 bp 1], HHKEAE10~14 bp AR %, A
14 6201, /7 B E1178.59%:; HAR A15~20 bp, 3 157
A, H1916.97%; T EE20 bpPL 1) L I,
1 5 4.44%
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Bl ZrArZEEF 4B Unigene K E S 7
Fig.1 Length distribution of all assembled Unigene in the transcriptome of hybrid Cymbidium
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PLAG/CT. AT/ATHN =, i = #% 1 B SSR#158.33%
H134.78%, 15 FSSRIFI13.74%H18.19%. = #% 1 g
HHEILF L AAG/CTT. AAT/ATT. AAC/GTT Al
ATC/ATG 5 L%, 43 ) i = 1% H BRSSR123.33%.
18.83%- 16.33%H112.84%; VUHZ% T2 i & F 7 DL
AAAT/ATTTA FE, 5 VY #% H BRSSRI141.94%; Tt

TR /S Z TR B H 57 N6, IR .
2.4 FIAZZEST-SSRAIBEMIE K B35

A F Primer Premier 5.0% 14 ¥ 1+ 7 565X EST-
SSR5| ¥, BEALPKIE H 105X A [F B2 #ot (. =
V. FHAZTE)MIEIY, X305 448 = Fh i FIDNAE
1TSSR-PCRY Skl . 25 SR BH, 98X B Hy vl 4 1
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Table 2 The type, number and distribution frequency of SSRs explored from the transcriptome dataset in hybrid Cymbidium

HEHM Bt Lefil/%
Repeat number
Repeat type Total Ratio /%
5 6 7 8 9 10 11~20 >20
Mono-nucleotide 0 0 0 0 0 5271 6677 163 12 111 65.10
Di-nucleotide 0 1065 770 750 992 645 160 0 4382 23.56
Tri-nucleotide 1115 547 318 18 2 0 2 0 2002 10.76
Tetra-nucleotide 80 12 0 1 0 0 0 0 93 0.50
Penta-nucleotide 6 1 0 0 0 0 0 0 7 0.04
Hexa-nucleotide 5 1 0 0 1 1 0 0 8 0.04
Total 1206 1626 1088 769 995 5917 6 839 163 18 603
Ratio 6.48% 8.74% 5.85% 4.13% 5.35% 31.81% 36.76% 0.88%
80
o\\o 60
=
8
5
8, 40+
2
=9}
204
. ||
10~14 15~20 21~24 >24
Length of repeats /bp
B2 ZRZHFESSREEKENH
Fig.2 The length distribution of repeats in SSR of hybrid Cymbidium
T3 ARZEFESSRHNEESTEETT
Table 3 The main SSR motifs in hybrid Cymbidium transcriptome
HERY FHIFhHL FEEF IS R HAK
Repeat type Type number Main repeat motif and its’ number
Mono-nucleotide 4 A/T (12 039)
Di-nucleotide 12 AG/CT (2 556). AT/AT (1 524). AC/GT (290)
Tri-nucleotide 59 AAG/CTT (467). AAT/ATT (377)» AAC/GTT (327). ATC/ATG (257). CCG/CGG
(184). AGG/CCT (182). AGC/GCT (137)
Tetra-nucleotide 42 ATTT/AAAT (39). TATG/CATA (10). AAGA/TCTT (9). AAAC/GTTT (6)
Penta-nucleotide . AAAAG/CTTTT (2). TAAAA/TTTTA (1), GAATC/GATTC (1), CTTCT/AGAAG (1),
GAAAT/ATTTC (1). TGAGA/TCTCA (1)
Hexa-nucleotide p TCAACA/TGTTGA (2). ACAGAC/GTCTGT (2). CGAGGA/TCCTCG (1).

TGGAGG/CCTCCA (1), CACCGC/GCGGTG (1). TCAGCC/GGCTGA (1)
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M 123456 789101112131415161718 192021222324 2526272829 303132 33343536 3738 3940

400
300

200
150

M 1 2345678 9101112131415161718 192021222324 2526272829 303132 3334 3536 3738 39 40

400
300

200
150

M: DNA marker; 1~404) 32872 1 AT H 94017 4248 == T

M: DNA marker; 1-40 represent 40 DNA samples of hybrid Cymbidium in table 1.
El3 3149CYM547(_)FICYM287(T)ZE4013 Z2 3 = iR AR A3 1R
Fig.3 Profile of amplification in 40 hybrid Cymbidium germplasms by primer CYM547 (up) and CYM287 (down)
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R IAA A . AHF FEAE S+ 28 22 P L4248 788 734
S Unigene, M31 72425 KJE K T-1.0 Kb UnigeneH
%, KRIFH 13 6372 Unigene)T 51 1 & A 18 603
ANSSRAZ A5, H BLAT K N58.64%, i & T F 1
55.03%7, JEAMEI25.31%0, B N )23.79%0,
FL(920.37%40. BT HI18.32%, EEAE ) 15.89%
FREME1114.25%5 . SSRA 4 (1) H I A 26 272 57 v
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Table 4 16 pairs of primers developed from hybrid Cymbidium and their amplification
Mg BIMFAIG—-3) FEEY O WKEb B 2EMK ZEE% LEMELE
Primer No.  Primer sequence (5'—3") Repeat Expected Total Polymorphism Polymorphism PIC
motifs length /bp bands bands percentage /%

CYM45 F: TGG CAC TAG TCAACC GTC AG (AT)s 257 14 14 100.00 0.896
R: GCCAGT TAC TTT CCT TAG GCG

CYM65 F: CCG AGC ACT GAAACA TGA GA (CA)s 268 8 8 100.00 0.808
R: CAC ATG TGC TTG CTA CCG AC

CYM193  F: CAT GGT TCATGT GGG TGG TA (TC)s 274 9 6 66.67 0.753
R: GCC AAC AGA GAAATT TGG GA

CYM207  F: GGAAACTAG TGAACCAGACGG  (TG)s 242 19 19 100.00 0.891
R: CGC GAT GCC ATT TCT TAT TC

CYM247  F: ATA GCA GAC AGG ATG GTG CC (AAG)s 266 7 5 71.43 0.598
R: CTC CAC CTC CTC TGC TTC AC

CYM269  F:CCCAGT GTT CTC CTG GTC AT (ACC)s 220 18 18 100.00 0.804
R: ATT CTC CGT ACC GTC TGG TG

CYM 278  F: AGG CAC ATA GGA GAG CCT GA (AGA)s 269 14 14 100.00 0.845
R: CTG AGC AGG AAC TTG AAG CC

CYM287  F: CAT CAA CGC GGT GTATGAAC (AGC)s 198 18 17 94.44 0.889
R: CCGAGATTT GAG TGT CGG AT

CYM354  F: CTT CAT TCC CGG CTA AAT CA (CCA)s 251 12 11 91.67 0.821
R: GAAACT TCG CTC AAAAAC GC

CYM373  F: GGG GCT AAT GAT GCAAGG TA (CGA), 227 8 7 87.50 0.733
R: ATT TCT CCACCT TTG GGG TT

CYM423  F: AGC TCT CCC CCATTT CAG AT (GAA) 214 12 10 83.33 0.772
R: GTC CAT CGT CGT CGAACT CT

CYMS541 F: GAATTG GAA CAATGAACG CA (TTA)s 212 11 10 90.91 0.834
R: AAG CAG GTG TTT CCA GCACT

CYMS504  F: TCACAATACAGG CAGAAG CG (TCA)s 238 10 8 80.00 0.644
R: GGAACT TCATGA CAG CCC AT

CYMS547  F: CGC GTT CAT ACT CCG ATA CA (TTC), 203 15 15 100.00 0.902
R: TAATTT AGA AGG AGG CGG GG

CYMS555  F: GCT GCT CGT GCT ACAAAA CA (CAGA)s 187 11 9 81.82 0.767
R: CTA CGG TTT GTT GGC CGT AT

CYMS562  F: GAA GCAAGA GCA GTG GAA GG (GAATC)s 235 7 5 71.43 0.716
R: TCG AAG ATT TGG ATT CCT GC

FEBAE TRV R AR L PR R R 2 A R HIRE R+
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