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Analysis of SSR information in transcriptome and development of molec-

ular markers in Torreya grandis
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Abstract: [Objective]The genus Torreya is an important member of Taxaceae with only 9 species distrib-
uted in China, the United States of American, Japan and Korea. T. grandis Fort. ex Lindl. has been famous
of its nut seeds with high oil for economic usage and as food for thousands years in China. Breeding of T.
grandis is currently limited on selection of the wild resources derived from spontaneous mutation and occa-
tional seedling. The genetic characteristics of the wild resources are great concern for the efficiency of im-
provement of T. grandis. To get insight of hereditary information for commercial utilization and cultivar dis-
crimination of genetic resource of this species, microsatellite loci were exploited based on compared tran-
scriptomic profiles de novo assembled for RNA—seq data of T. grandis. [Methods]Seeds of T. grandis ‘Xi-
fei’ and T. grandis ‘Dielsii’ were sampled from a orchard (Fuyang, Zhejiang province, China). Based on
the biochemistry analysis of fatty acids biosynthesis, seeds at initiation stage (449 days after pollination,
DAP), fastigium stage (469 DAP) and steady stage (512 DAP) were separately mixed as sample pools for
RNA extraction; followed by comparative transcriptomic analysis through RNA-Seq. De novo transcrip-
tome assembly was achieved using Trinity. Microsatellite mining was performed using the software Mlcro-
SAtellite (MISA). Primers (20 base pairs) were designed using Primer 3 were used. 49 pairs of primers
were randomly selected and were used for morphological amplification with product sizes ranging from 100

to 300 bp. Ten individuals of each species, including T. nucifera, T. fargesii, T. jackii, T. grandis and T.
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grandis var. jiulongshanensts, were selected for primary assess on the microsatellite polymorphism. Genom-
ic DNA was extracted from young leaves by the cetylirimethylammonium bromide (CTAB) modified meth-
od. [Results] All high quality reads were assembled into 142 213 unigene. A total of 5 458 SSRs contain-
ing inserts with various microsatellite motifs (di— to penta nucleotides) were identified from 22 976 unige-
nes (> 1 kb). The distribution density was 105.4 SSRs per Mb. Mono nucleotide was the most abundant
type of repeat motif with a frequency of 64.95%, followed by the tri-nucleotide (18.56%), di (14.77%), tet-
ra (0.97%), hexa (0.42%) and pentanucleotides (0.33%). The AT/AT was the most frequent repeat motif
(3.85%), followed by TA/TA (3.57%) and AG/CT (2.29%); Among the tri—nucleotide repeats, the dominant
repeat motif in EST-SSRs was GAA/TTC (2.36%), followed by CTT/AAG (1.32%) and AAT/ATT (1.26%).
The frequency of tetra— and hexanucleotide were much lower than that of di— and tri-nucleotide. Numbers
of each repetitive unit ranged from 5 to 21. Units repeated less than or equal to 10 times and greater than
10 times were predominantly at mono nucleotide type with 1 990 (36.46%) and 1 555 (28.49%), and fol-
lowed by 5 (12.90%), 6 (11.95%), 7 (5.42%) and 8 (2.53%) times among di— to hexanucleotide type. Re-
peat number was mainly 6, 7 and 8 in Di nucleotide unit as well as 5, 6 and 7 in tri-nucleotide unit. A total
of 4 633 prime pairs were designed, among them 49 primer pairs were selected randomly to test in Torreya.
From these, 16 polymorphic SSRs were characterized. The number of alleles of each locus ranged from 2 to
6, which was averagely 3 per locus. The average value of polymorphism information content (PIC), ob-
served heterozygosity (Ho) and expected heterozygosity (He) were 0.464 4, 0.283 7 and 0.500 6 respective-
ly.[ Conclusion ] The transcriptome sequencing data of Torreya can provide abundant SSR locus, which can
be used into develop SSR primer rapidly. The primer developed can provide marker selection for Torreya
genetic diversity, the construction of fingerprint pattern of variety and molecular mark assisted breeding.
Key words: Torreya grandis; RNA-Seq; SSR
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CE, AR A A 7 A4 Fh 2 448 F [] 7 73 A
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SN HE (T. californica Torrey) ;=1L 3€ , H ARHE[T
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e, B EFR A A B I iR . A
SR A A EL I AHE (T fargesii Franch.) | 4 I #E (7.
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HE 22 JBRARE OKATE JAHARE 25 S A E SCHEE | K [BRIARE ( ¢
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M K JR A, HERRS 2% Jeee A Y S5 A Ao o 75 8 R A 7 3t
%%ﬁ PEPEA 97 it L S 75 3 o 44 £ DNA 5 84
TN DA S IR RN A

fiaj B 7 91 i & (simple sequence repeat, SSR) X
PRI TR A, 2T I AR T AL AN AL A Py B
b tetric, AL At [FREK.
PRI PAE LA, SSRARICE ) IZ ML Tl 28 ki
HuART AR YEEEM B SEARSE R YR iR 2
FEVEPEA A SR PSSO . ST SSR 14
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JH SRAPARICHITSE T MEPERER 4 4> Ja 6 14 35 44 224
P, BT A5 H RAPD R SCAR AR i %58 T L 1
AP, T S8 AAE R RAPD B 1) LAk 35
AT T3 Y AR T AR R Y
SEUEE , M 4 600 4% Unigene H4R715 1 7134~ SSR A1/
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195585 [P AR ARG D 21 22 25
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L1 FRAHIERIE

e T LB IR T A IR 2014 45 X * 40AE
AU BRI A 54T Mumina =738 w00 7 9455 . I
Fp I SR 3 AN B B I R B AR TR T iR A
TSI (563 25 449 K ) IR IR G sy e 34 (#5263 i
55469 K ) NEWTER G A2 (BB R 26 512K ), 42
JCRNA JEZ LA i s R RH 2 R S8 B RNA-
Seq M7 , 338 i De Novo J7i 41 %% . 155 142 213
%% Unigene , E A5 i
1.2 EY# K E DNA #2EL

FHT SSR 51 e ] JHPEPEAN A LR B A
R WS RAF AR 5 B 1Y 104 Bk, 43 B2
AAME MER AERR RIEIAE U LUAEMERK L 1L AR
P A HEMER A HIEAERR | 0 LLAEMERR | 8 LA A
B HASHEMERR . B BOBROR SR BT I B I R BT 0K
o, 7 RV ] SE8G A SR IR CTAB A UL
DA L DNA, d5c J5 8% B 2 Y DNA F B i 50
mg- L, -4 CIRAFEH .
1.3 FRASSRALRZESRK SSR 5| Higit

o SR L BCHE SR FH Tty SRR %G, JRAG G S A
A, 2H %% 345 3] 246 862 4% Transcript, | FH MI-
SA 2 # (MIcroSAtellite identification tool , http:/pgre.
ipk—gatersleben.de/misa/misa.html ) X i 156 15 2| A9 1

kb LA I Unigene f5 SSR v s 48 %K .
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1.4 EST-SSR3|#ffik

Bt AL 1L HL 49 XF EST-SSR 51 #1538 A= T A9 T
PR B AT IR A R A . SRR | B LU &
WA HASHESEAT 51 Wi 2 . PCR YT 344K R K 10
wL, 10xBuffer(Mg**) 1 pL, dNTP mix 0.8 pL, [~ Fiif
51914 0.5 pL, rTaq i 0.05 wL, 42 0.5 pL, ddH,0
6.65 pL, IRGYS)E BT PCRAVTY 1, 8T
295 CHUAEME 5 min; 885 HE4T 34 IAGIR , B
RALHE 94 CAETE 45 s, 54~58 °C R KR E AT 5
Wi )i & 30 5,72 CHEMH 1 min; 5t )5 72 CLE{H 3
min, 4 CIFA o

PCR 779 1 1.2% 1 B B WG G FEL RSN , 356 B
PBE A — B S AT I B 2 SR ISR B I R B
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5 T M T i e ke 5 SR SR N T35 1R
G AHFREER A E A AIE o 1, TBaid o 0, 6t
JACH 9, Geity BELE R i 1 5% Smith 55" 5%
I Z8F B &5 (PIC)MH ., 1 POPGENE Ver-
sion 1.31 ZXF, XbRic BdE 1 Tt % S50 Mt

2 HPRET

2.1 {EREERARSSRADHRENES

T U A R < WS g
142 213 2% Unigenes, H 41K F 1 kb A9 Unigene
22 976 4 (JFH K 2551 784 615 bp) , F Fil MISA %%
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XA A 1 kb DAY Unigene 5 SSR 4341, &
PEH 4 548 2% Unigene J7 31 Fh 4 7 5 458 4~ SSR {7
S HR LA 2 A 2 AN DL SSR A A AT 175
25,1 3.8%, AR L, SSR B AR N 23.76% , -
£9.49 kb HH B 14~ SSR., SSR KA+ F 5 ,
AT IR 2 /ST TR A RV A A . AT IR o T
o7 LUl K, o 64.94% , ok — =R E R H L
WA L, o b S SSR Y 14.77% F
18.56% , DU . #. S AL AT MR 8 &2 M b/, 43l o

0.97%.0.33% .0.42%.,

SR SSR H A HIT I Bk 5~2 11K, A
TR 5 BT B e 10 LI (G045 10 0O 1A
19901, 1 36.46% ; E A AR T 10K 1 5554
75, 15 28.49%, B TRE/NEFHREE oo,
5.6 WA i o bl oK, 430 i 12.90% . 11.95% ; H:
WA TR 8K, 5 . SSR Y 5.429%H12.53%., 835>
B, AR A% o S R R 6 U T IR 8 U5 1T
AR E R B EE A SR 6K TIR(FE 1),

£1 IR FEZADPTRE EST-SSR HHE . EBURFER
Table 1 The number of different EST-SSR types and frequency in 7. grandis seeds transcriptome

=R STve S| FEWEL Repeat number Horl
Repeat motif type 5 6 7 8 9 10 >10 B3t Total Percentage/%
FZAFR Mononucleotide 0 0 0 0 0 1990 1555 3545 64.95
KT Dinucleotide 0 373 185 127 83 29 9 806 14.77
ZHEAFIR Trinucleotide 635 261 106 11 0 0 0 1013 18.56

PUAZ TR Tetranucleotide 42 10 1 0 0 0 0 53 0.97
TAZH R Pentanucleotide 17 0 0 0 0 0 1 18 0.33
NI Z Hexanucleotide 10 8 4 0 0 1 0 23 0.42

3t Total 704 652 296 138 83 2020 1565 5458 100.00
43 kb Percentage/% 12.90 11.95 542 253 152 37.01 28.67 100

2.2 HFRASSREFES LBIFNIHRIFE AG/CT 5 2.29%; =% R 1) F 2L — IR
HERIFP PR AR SSRAX HTRE P+ F R WZEAIZ | DL GAA/TTC, CTT/AAG, AAT/ATT %,

(F22), “HAFTRFZLLAT/AT TA/TA AG/CT AE,H GAA/TTC7E =B HFRIL P b 2.36% , HVk & CTT/

o AT/AT BT 5 Fe il K, 9 3.85% , TAITA 1 3.57%,  AAG(1.32%); VU AT FRBL PR — =A% Rk

®2 MERFMF EST A _ZEBRMN=ZERESETHRBRIAE
Table 2 Dinucleotide and trinucleotide EST-SSR repeat motifs and their frequency in ESTs of 7. grandis seeds

R ECLH

S T UL Repeat number B S T2 UE Repeat number B
Repeat J=83s Percen— Repeat Bif Percen—
" 5 6 7 8 9 10 >10 tage/% . 5 6 7 8 9 10 >10 tage/%
motif type Total motif type Total
AC/GT 29 23 14 9 1 1 77 141 AAC/GGT 2 2 1 5 0.09
AG/CT 64 32 11 10 4 4 125 229 AAT/ATT 47 16 6 69 1.26
AT/AT 98 35 46 23 6 2 210 3.85 ACA/TGT 7 3 1 11 0.20
CA/TG 54 24 10 8 3 1 100 1.83 ACC/GGT 5 4 9 0.16
GA/TC 46 21 13 11 7 98  1.80 ACT/AGT 2 2 0.04
TA/TA 82 49 33 22 8 1 195 357 AGA/TCT 41 13 6 60  1.10
GC/GC 1 1 002 AGC/GCT 34 9 5 48  0.88
CAT/ATG 26 11 7 44 0.81 ATA/TAT 21 10 4 35 0.64
CCA/TGG 13 9 3 25 046 ATC/GAT 21 8 2 31 057
CCG/CGG 10 1 2 1 14 0.26 CAA/TTG 22 4 2 28 0.51
CCT/AGG 27 16 5 1 49 090 CAC/GTG 10 5 1 1 17 031
CGA/TCG 5 2 7 013 GCA/TGC 39 13 4 1 57  1.04
CGC/GCG 6 3 1 10 0.18 GCC/GGC 14 5 5 24 044
CGG/CCG 5 1 6 0.11 GGA/TCC 30 22 13 1 66  1.21
CGT/ACG 1 1 002 GTA/TAC 2 2 4 007
CTA/TAG 1 1 002 GTT/AAC 1 1 0.02
CTC/GAG 35 11 6 52 095 TAA/TTA 19 10 6 1 36 0.66
CTG/CAG 36 14 10 1 61 1.12 TCA/TGA 22 7 4 33 0.60
CTT/AAG 33 32 6 1 72 132 B3t Total 635 634 291 138 83 29 9 1819 3332
GAA/TTC 96 27 5 1 129 236 Hart 11.63 11.62 533 253 152 053 0.16 33.32
GAC/GTC 3 1 1 1 6 0.11 Percentage/%
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¥ 25 A1/ AAGG/CCTT, AGGA/TCCT, TGCCC/GG—
GCA AAATT/AATTT J& EZ LA AL, B 5 L
X [AN
2.3 HERTFSSREIMHIBNER BEMERI

Rl HLAE 49 X5 149, Horb G 66 A% R L — %
TR VU IR AKX IR MO R 5 6 i & 2k
JGIY SSRA 8, 1A 75 A R Sk

ZATU-1

A B CDEZF GHTI IM

VA J& AN [R Ff ) 10 /S 5 647 PCR 373, Wi
Beo RN, o 35 X G 1 I Re Y 1t H A EAR Y
PR AR B AR K 71.43% , R B 35 %5 14
FLAT R4 3 M, B AE A & 193 43 R ] gk 1 7
W, KRR 9 5 AR T 2 AT, L i 2
BEIW 16X, Z5F N 32.65%. PEHIH] FHHER Ff 1
EST 9151 & 19 SSR 512 S A aT A7 10 o 1811

ZAFU-7
A B CD E F GO I T M

200 bp

100 bp

200 bp

100 bp

M. Marker; A. ZHEMER 5 B. AEASIERE s C. JCBIAREMERR 5 D. JUIE LIHIEMERR 5 . JUJE LHAMERERR 5 B B IAEME R 5 G (S MAE AR 5 HL S 1L HEAFE B 5

L ELIIAERERR ;). HAATEAERE .

M. Marker; A. T. grandis ‘Xifei’ (female plant); B. T. grandis (male plant); C. T. grandis ‘Majus’ (female plant); D. T. grandis var. jiulongshanen-

sis (female plant); E. T. grandis var. jiulongshanensis (male plant); F. T. jackii (female plant); G. T. jackii (male plant); H. T. fargesii (female plant);

I. T. fargesii (male plant); J. T. nucifera (female plant).

B1 #AGATE 10 MERMERE SN

Fig. 1 The polymorphism about some loci in 10 Torreya individuals

S35 1 IAE 10 @ R i B 1 L
2.4 SSR5|41iEM

IR IE Y 35 X3 51 5% 10 B3 HE A P kA5 5
1 Ko Z2 AR , 16 % SSR 51 W) 7EME & 2 3
ZAME AR T a8 N EEAIEEIA A L R A3
A, HH ZAFU-1,ZAFU-4 1 ZAFU=-5 [R454 2 P %
R 6.5.54 . WERAA EE S HIERA A Y
543 3152 0.283 7 #110.500 6., PIC {E A F e AR
1) — A~ Z RS, 16 DAL Y PIC {24 0.105 0~
0.957 5, F-HI{H N 0.464 4, Horh i FE L BRI A 8
A (PIC=0.5)"", 42 3 4 16 M i A B TH I

3 17 ®

it 5 e A N A ) VR A R 3 A SR A
DN R F A EST-SSR 5 | W) ) AR KR BTG, %oF Tk
Z HHAE BRI AR T R AT A L
W, AR PR T N . BT 2 A

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.

Filt 34N [) 2 1 I A AR AR b - A 7 S 2L )Y
2] %% 315 %) 246 863 2% Transcript £ 142 213 %%
Unigene, F|F MISA B3 X3 i BEAS 2] 19 1 kb DL 1)
Unigene fiff SSR 17 55 4% & , 3545 5 458 /> SSR {if
Hio HERY SSR A AR A 23.76%, He AL 16.56%",
L 25 R FA R 20,699, Lb 44k = 11.549% (H [ 53

MK 0.03%™, Yi %R T 1 ARMERS i i S 2
Bl , 41254551 46 000 45 Unigene , #3815 1 71341
SSRAV &, SAMRGE RAAHEELES . XfER
SSR 4 K A A 2 5 1 S 4 I e Fr 10 B AR A 0 0
B TENEZERAEES —EN LR,
HEP2ISSR A AIFST i R A SAUGE .

HIEAR 5 SR 4 PP Y SSRAFAE— BN IR B
Fi Hoh— 2 S AR O F R E R,
SSR KL 98.23% , DU & 75 A% 1 IR B 42 ST o5 1b
TG A 15 A SSRERAY 1.77% , TELLAAR I B4
PR TP WA TR RIS R . 730k, A
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%3 #E 16 1~ EST-SSRs #RiCAI4H1E
Table 3 The characteristics of 16 EST-SSRs markers in Torreya
) W B SRy S A U] e Z8E
e SSRIE =i 1 N % e
Elltzjfl:; Re e%rj(;%fa Erliffij uence (5°-3") Tempe- - B JTBLRIE RN R Rl B
roe. Tepe sequence rature/°C. Expected size/bp Actual size/bp  Na Ho He PIC

ZAFU-1  (TG)9 F:GGCTATGCTACACCCAAAGAA 59 167 160~200 6 0.1000 0.8368 0.7950
R:GGGGCACCACCTATTGTATG

ZAFU-2  (TG)9 F:-TCAAAGTGCAACCGGTACAA 59 118 110~140 2 0.1111 0.1111 0.1050
R:CAACAGGCCAACATGGAGTA

ZAFU-3  (CAG)8 F:GGGTTACCCCCTTGCTTTAT 59 254 250~280 3 0.2000 0.4158 0.9575
R:CCCTACTTTATTTCCGTGCG

ZAFU-4  (TAA)8 F:GAATTCCCATTCCCATTGTG 59 152 140~170 5 0.3000 0.7632 0.1725
R:ACCCCCTTCTGCTCTGATTT

ZAFU-5  (TTC)8 F:AATGAATGCGTGTTACGCTG 59 174 170~200 5 0.6000 0.7895 0.6675
R:TTGGAGCGGAAGGAATAATG

ZAFU-6  (TTCT)S F:CCAATTTGTGGAGCGTTTCT 59 192 190~210 2 0.0000 0.4421 0.3800
R:TGTGGAAAGGTGGTGAACAA

ZAFU-7  (TATT)S F:TTTTCCAACTCCAACCCTTG 59 171 170~190 2 0.0000 0.1895 0.1596
R:ATGTTTGGGGTTGACGTGTT

ZAFU-8  (TAGCA)S F:AATTGGCCCTTCATTCAACA 60 229 250~700 3 0.5714 0.6154 0.5919
R:CTAGTGGGTGCATTTGAGCC

ZAFU-9  (GAGTC)S F:GGAGCGAGCGTAGCGTATAG 59 214 210~230 3 0.1250 0.5083 0.5117
R:GTTGCTGCATCTTCCTCCTC

ZAFU-10 (TC)9 F:GCCTGGTCTGCTTCTTGTTC 59 161 160~200 2 0.0000 0.2637 0.2098
R:AGGCAAAGGCTGCAATAGAA

ZAFU-11 (AT)8 F:ACATCTGCAAGGCAAGGTTC 59 174 170~180 2 0.0000 0.3030 0.2778
R:TTGAATTTTCACCAGGCTCC

ZAFU-12 (TA)9 F:TGCTAATGTTTGCTTTGAATGG 60 153 150~180 3 0.3000 0.6895 0.7175
R:AACAACCTAAACTTTTGCCGAA

ZAFU-13  (ACC)6 F:GAAATTAAACGCGTTCAGGG 59 133 130~150 2 0.5000 0.3947 0.3750
R:CATTGCTGTCCGTCTCGTAA

ZAFU-14 (ATTC)S F:CACAATCCTCCATTCATCCA 59 208 205~215 2 0.2857 04396 0.3457
R:GCCACTGGTGTGATTCTCAA

ZAFU-15 (GGACG)S F:ATTTGATACGACGGAAACGG 59 118 110~130 3 0.5714 0.5385 0.5000
R:GGTGGTCAATATCCCATGCT

ZAFU-16 (TGAGCC)7 F:AAGGTTGCCACCTCAGTCAC 60 246 220~260 3 0.8750 0.7083 0.664 1
R:ACAGAACGTCTCCAACCGAC

SF-HIE Average 3 02837 0.5006 0.464 4

W SRR B, R R R 5 S A, — AT
Mg 5 G AT o LU EE A K, 36 18.56% o TEREAM I BF
FEH A A = AT R S T 5 LK, T RE
SN B RS T BEREVE ™, B8 T = AT IR N
— ADIRERANT , AT RIS F— AL I &
KA KRB, FAREBEHLTINT T =A% R
F Iy BA B R BRE R, B, =T IRES
AU A R DA S 21 SSR LA LRI,
MR U1 SSR MR E T HIR B2 A
g, M AT IR R R = A R A P )
B L 8 B, AT IR T B T A L) AT/AT
TA/TA h &, =BT R & & )7 51 UL GAA/TTC . CTT/
AAG AAT/ATT 3o AT PR3 e 7E MR A 1T TR
BE A BRI, X 55T AT 8 RERHIT

T GCHE, AT IR 8h#E GC 250 A =, 540 HERS
H S B e A T A B O R AR Y R T 4L A2
B i A BT AR

AMFGEFF K ) 16555 [T 5 R @ A i 2
AT REY], FBEA KR 3.4, 28105
B A5 (PIC) I 7 0.464 4, PIC>0.5 HEE %
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