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I3 IR T T B (R RO SR S g AR, 22 RNA SR BRI cDNA SCJEAH # )5 5% ] Tllumina Novaseq - & #EAT5E 40
FfoRH MISA 1.0 F1 GATK3 B A 40 Hrfk s 4L i) SSR. SNP Fdfhi AR JCARIE (Indel ) 13 s HRAE . 45 FAE MRS SR S0 i SR 4l
Y 10 124 %% unigenes 455 F 13 935 4~ SSR i pi, KAMFN 22.98%, F¥4& 1 kb JFF i ¥ 0.25 4~ SSR fi i, F
BIRKEE N 14.34 bp; Hr, s G Fu A SSR st Z ((51L 66.80% ), KJEH 10~64 bp, FHKEN
12.85 bp, EE LT ELZREEPTE 9~12 K, FRERPILTH A/T (KL 66.67% ); NIEIEEL I TIAIN SSR
LB d (G 0.47%), KN 30~54 bp, FIHKE 31.76 bp, FEITEEREEFE 5~8 K, WHHmEHZEITH
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SSR and SNP/InDel Characteristics of Fruit Transcriptomic Data of
Canarium album
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Abstract: Simple sequence repeats (SSR) and single nucleotide polymorphism (SNP) markers have been confirmed to
be high sensitivity and specificity. Development of molecular markers related to different types of fruit quality traits of
Canarium album (Lour.) Raeusch. can provide reference for its molecular assisted breeding to a considerable extent. The
fully mature fruits of C. album cv. Changying and Huiyuan were collected to use as materials. After total RNA extrac-
tion and cDNA library construction, the transcriptome was sequenced on the Illumina Novaseq platform, and the SSR,
SNP and InDel loci characteristics of the transcriptome were analyzed by MISA 1.0 and GATK3 software. Results
showed that a total of 13 935 SSR loci were identified from 10 124 unigenes of C. album fruit transcriptome, the aver-
age 1 kb sequence appeared 0.25 SSR loci, the frequency and average length was 22.98% and 14.34 bp, respectively.
Among them, the single base repeat type had the largest number of SSR loci (accounting for 66.80%), with a length of
10—64 bp, and an average length of 12.85 bp, the repeat times of repeat motifs were concentrated in 9—12, and the motif
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with the highest frequency was A/T (accounting for 66.67%). The number of SSR loci of six base repeat motif type was
the least (0.47%), the length was 30-54 bp, which average length was 31.76 bp, the number of motif repeats was con-
centrated in 5-8 times, and the motif with the highest frequency was AGATGG/ATCTCC (0.04%). A total of 284 992
SNP loci were detected in the transcriptome of C. album fruit, the average 1 kb sequence contained 5.21 SNP loci;
Among them, the number of SNP loci of transformation type was 166 162, including C/T and A/G. The number of SNP
loci of transversion type was 118 830, including A/T, A/C, T/G and C/G. In addition, 18 548 InDel loci were found in the
transcriptome of C. album fruit, the average 1 kb sequence existed 2.95 InDel loci. The number of unigenes containing
one InDel locus was the largest. It was predicted that the unigene containing the most InDel loci might be the callose
synthase gene. These results showed that SSR and SNP/InDel markers could be effectively developed through RNA-seq.
The SSR loci and SNP/InDel loci were widely distributed in C. album fruits with different quality traits. The results

would provide a data basis for the development of identification markers of C. album fruit traits.
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MMs ( Canarium album ) 2 F8 [E s 7 Py
DR AR, HIR S & 2R s SR M2 g
FEFREARA . AL I P A X T A .
N T TR E RO B E A R — R AR
o7 LT 2011 AR RAT A R AR A& OR A
8, 2017 4E SIS 20.80 /27T AR,
A [ A 7 i E R AR N T A G R R A
P EEARERE . HE . EE . BkRRAS, H
, KOEREREMRIEREFAEHEES, KE
IR 78.40%, AIALEFE RN T, 7ERE 5
fill EEER T — RAVEEE A, FlanEs 1 SO0
) B 1 5P i 2 S R AR
278 85.20%, PR B s, RN T &,
W EE R T EE S BE 3 S
I A VR E R, SR Tt
SEM R R B A, HT, ZEROE R
AN ¥ /S 2 N 51t Fi B (= S =l
IR T REMS ., [ERFEENE,
BEEK, JFRESLHARA X Fhric H TE
WAL A) 2 156 AT A 284 v ol BB R AR
TTELB B, ORGSR S R IE 1 43— BILIMF 92 B AR
KAMER T AR T25 1, BRI T Ao 43—+ % Bl
BRI

DNA 73 FHric % E Y o + 5 Bl & Fh
BHEARTE, THEEARREE . srsrm
faj BB & 7 51 A1 ( simple sequence repeats, SSR )
MR IR Z S MARiE (single nucleotide poly-
morphism, SNP ) FEVF ZAHY) 115 2] T A %00 H o
SAHIN % UV 6 7 4 76 55 0 M1 56 1 1] H 2%
( Helianthus annuus )SSR Fric a2 v F 1) H
TR E M, GHARSALLAH %5115 4 e I

SSR Fric 4l T % ( Lycopersicon esculentum)
e PR ER AR AR DG A, AR & T At £R
HH R ; TERAKAMI %R AT SSR ARic i
1 EZAL (Pyrus ussuriensis) SREENE S) B R HEAT
T AL, AR B B B AR AL T E R
TE SNP JF & AR 5T, TAN PP L T/
( Triticum aestivum) Hi BARBIIIL A ) SNP i
ic, ATHTFIE—L1E SN E M KM 255 i
st P42 48 7% M (Raphanus sativus) SNP
FRic H T8 MRS . SRR R SR AR 4 A
[l % ; FROUIN 25U'7% 5 T /K % ( Oryza sativa)
ot S5 e R S AR R AH DG SNP A7 5, A /KA AH G
FREM T SR, BAT, MO AT A
KT T —E IR, A TARCTF R B E T
RO FER U™ e T IR SR b, AR T
I 53 20 B0 T ELAT AN TR] P R A O i b 4 R
[ i 52 3E4T SSR I SNP/InDel $RAE43HT, LI
SR SR SR A OC 2T PR i T i HE AR A

1 R 5ERZE
1.1 ##

PEIR AL 1 35 0 L AT S A SR 5, B
F A A8 A B2 B SR BIF 5 P ARORSS o 5 5% U IR
(26°07'40"N, 119°20'16"E ), LhFLREAEZE gy
TR SR S B PPN R R S AR RS
PG | fRJFE . JOALAR B SRS, e 0Dk
Je AR R, B T RAGR KA A4 .
12 FHik
1.2.1 RNA#I G RAMEY) 2052 55
& E.ZN.A.TM Plant RNA Kit $#£HUR 52 8 RNA,
K 1.0%35 i B 5E IS HL Pk AT Agilent 2100 bio-
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analyzer( Agilent Technologies, USA ) £l & RNA
1) 56 B %, BE 5 F A NanoPhotometer spectro-
photometer ( IMPLEN, USA ) #:ill & RNA B4
122 X EMELRE B 1pg BHESLE
RNA, M NEBNext® Ultra™ RNA Library Kit
77 & ( [lumina, USA #EAT 8% . B 56 f# A Oligo
(dT) WEERE S A polyA FBAY mRNA, ffif—
WrBHES T 76 = iR T #F NEBNext 2 — 5% & B
el (5 ) E TR, (T REPLSERZ RS 1Y)
I M-MuLV 05 SREHA R S cDNA 2—4E . b
J5 1 FH RNaseH [/ RNA 5%, Pl DNA R4
fiff 15 A cDNA 25 4 . 4ifb)5 1Y cDNA #E47K 30
B3 N A B R P4k Bl ] AMPure XP
beads i VE K >4 250~300 bp ) cDNA F B, 28 PCR
P ##1T PCR P aifl, SZRE 0%, R
Qubit 2.0 Fluorometer ( Invitrogen, USA ) Fl Agilent
2100 bioanalyzer #E47 SCPEFTwr kil , FifiJ5 % H
qRT-PCR X SCJEFEATE i, i e A Bk E = T
2.0 nmol/L H3CIE 5 T I 22y
1.23 RNA W ApL5##EH¥E K TruSeq PE
Cluster Kit v3 cBot HS ( Illumina, USA ) X kEAS i3
T8, MEJ57E Hlumina Novaseq “F& F X}l &
M SCESEATINE , IF77 4 150 bp X AR Ui %
My F BE ER B0 22 CASAVA $446H fastq 1%
AW FFIEHE SO, BRIk . R E
B3 8 LA B AR B 5 1Y) reads, e ZXaRAS i o Y
clean reads. FfiJ5 R TRINITY #AEP0 clean
reads PFEN transcripts, %M CORSET #cf4:1"
HATIZR R K G132 5K cluster JFFI1EH unigene
T IRS T, BT 3 WY ER,

o

Br, Bt Es | WEEE . St H
B.ODURGEE R . RO R RS R AR
TR B S SSR . % ] Microsoft Excel 2013 %%
P-4 T 5 oy B T R AR

1.2.5 SNP/InDel 2% 55 4e5-4F RH] Picard-
tools v1.41 £ Samtools v0.1.18 # - uE47 HE ) I M)
PR EE, WG I N REARNRES R, If
K HI GATK3 #fF v3.4 fRAPIERINS 4T SNP
A7 R A s S 1

2 BER5H5H

21 HHRILA SSR L=t

2.1.1 SSRx 4% KB A B RO
WS B SEALMF, 6 AN 7 kR A ¥ 34
22 813 726 bp ¥ raw reads, iI7EJ5AY clean reads
22019 057 bp, JEUHE RS U8 B9 7 H 085
9 6.61 Gb, HERMFHIRFE LN 0.02%, Q20 Fil
Q30 435K 98.11%F1 94.19%, iyt BH I 4% S A
I, ATHTRSSP. PHzE, L1 125021
SR SEAC L 44 062 4% unigenes, X428 unigenes {1,
54 735 280 bp #% 12 . R MISAL.0 XJ k45 1Y
unigenes #F4T SSR %, TR 10 124 %
unigenes % 5EF] 13 935 4~ SSR i ., KASHR
9 22.98%, ¥4 1 kb 55 H P 0.25 4~ SSR {if
Mo 1X 2L SSR 437 1Y unigenes H, 2657 Z5F 5140
1 ALLERY SSR 745, 1072 23L& B Al
SSR fiisi. FIUL, HEHEIR SCEESReHrh iz 4040
SSR 1 s o

2.1.2 SSREZATEA MRS SSR AV MK
R FITRANFE 1 Pin, SSR H R FLIT R A

124 SSR4z& %% R MISA L0 BAPG  hda, BT SAREEEZFHILTESE 6 f
PP unigene, FEXFHE R4 SSR i 24743 KA, AL 977 FPEZRE G ISR X RpR L E
1 SSRESHETTHEHE
Tab. 1 Types of SSR repeat motifs
iSRS 3l SSR i s i 1 f5i] LIS ok il
Repeat motif of type SSR number Proportion/% Frequency/% Mean distance/kb
iR 8 9308 66.80 21.12 5.88
PUST 8 S 2480 17.80 5.63 22.07
=R 1830 13.13 4.15 29.91
T 176 1.26 0.40 311.00
Fhg 76 0.55 0.17 720.20
INIREE 65 0.47 0.15 842.08
Mt 13935 100.00 31.63 3.93
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B E| NI E E K SSR BRI — LT LB,
A N SSR KR Z, A3 9308 4>, 4
5 SSR i 1) 66.80% , Fifi %5 T & 3 TC AR HE A5 1) 34
i, AR, SSRGEE A ) SSR 25 A
VA 65 4, 549 SSR 5 M 0.47%., M SSR
A7 5 B BUBCR RN Ay A MR B K R, HU L R
SSR i RIS K 21.12%F01 5.88 kb, 17 75 Bl Sk
HE Y SSR i AL 5351k 0.15%7F1 842.08 kb,
iR, RE AR LTI Y SSR 7 A5 H A
FHERKESR

2.1.3 SSR B3 KES A AFEE LA
AL SSR KR P IR 10~320 bp, K
FER 36.19 bp, i H B g 5L 8 &7 oo B S we Ak
HEHICH SSR FANH#E— Lt BB (R 2), %
& B S EE N 10~72 bp, BN 14.34 bp,
Horp K 22 S f R 2 HUp S &2 19 SSR 287!
A F 10~64 bp Z[H], FIIKE R 12.85bp; 25H
Fe /NN TomR AL T A A SSR 2R, 4T 25~30 bp
ZIE), VKN 25.68 bp.

2.1.4 SSR Hh#HBEHZ AT M4 MIHTR L
SSR i s B e Gt oA a SR i 1 R, 43
AW 3 B e W LT 402 A/T (9290 4, Lk

80

% 44 45
R 2 SSRKEZKIT
Tab. 2 Length statistics of SSR
4a T AT 7 I
ﬁﬁ%]ﬁx v} Hi/‘]‘-{ﬁ Eij(ﬁ I &t
Repeat motif of Mini- Maxi-
Average Total
type mum mum
GERT B 10 64 12.85 105 020
WU I 12 62 16.53 31 906
=XEs 15 72 17.82 27 105
DY el 20 36 21.92 3156
FLHE I 25 30 25.68 1695
VA %S 30 54 31.76 1620
ait 10 72 14.34 170 502

66.67% ). AG/CT (1304 4>, 5Lk 9.36). AT/AT
(857 4, HEb 6.15% ). AAT/ATT (421 4>, 5
It 3.02% ). AAG/CTT (392 4>, ik 2.81% ).
XFANTE] SSR H & LTI A H BB T o B
P, Frf7 SSR A3t 105 FhE ZHon, Hh
FERN S0 3T AR 2, 4. 10, 21,
29, 39 Fl, FRGEILEE & FLIT S IE E E HL o
AL 2 FE T/ 9o A/T. AG/CT . AAT/ATT .,
AAAT/ATTT ( 65 4~ , i b 047% ) .
AAGAG/CTCTT ( 10 4>, it 0.07% ) A
AGATGG/ATCTCC (5>, itk 0.04% ).

<
Eso-
k=1
&
S 40 +
&
E
320}
0 IIIIIII-I-I-I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | —
FEEFFEORORRHEEOEERORERREREOREORDO o
O = &= O =K H S BHBFRFRRHBKH = O =~ 51
<3550 35380C80E028EECECEE$58EEEEE 2
$3 292235923559 9S5EE 853855 <
3 33 I3 < 2UE0ED
<2 <% <<<§%g
S
<
FHITZA! Motif types

1 AEEEETHEEM SSR it

Fig. 1

2.1.5 SSR BATEAFH R MHFRIL SSR
A AN R T 2R R 5 OB g T A5 SR an &l 2 B
No Horp, PAREILE E R EE R R
FE 9~12 F1 13~16 Z[H], 437l di SSR i s S E Y
41.69%F1 17.22%, & 8o 5 1 4 5L o0 sk
62.42%F1 25.77%; RUIH L2 75 Bl 3 15 2 KT i) 5
BB FEAERALE 5~ 8, 430 i n v EE LT

Statistics of different SSR motifs

BB 68.67%.93.55%.98.30% . 100%71 98.46% .,
N [F)H A L TT 2R I Y SSR v 5 B B 35 2 OB
(3 22 S B ik
2.2 IR SNP/InDel BI4FE 2 7

I SR 21 B R AT AN [ P DR ot o S 512
SNP/InDel #Z4l. L3515 284 992 4~ SNP fii i, “F
W1 kb JEHISA 5.21 4, Hrd, kg



55 4 3]

A F I . MO SRS Sk 4H SSR A SNP/InDel 3 5 457 iF 685

SNP i 53k 166 162 4>, C/T Fl A/G KA
I, B 1 kb JFANSE A 151 AN 1.52 4, Hil
I RIHY SNP v 53 118 830 4>, 4F 1 kb ¢4
A/T. A/C. T/G 1 C/G B9F-IIA%05 54 0.63 .
0.53. 0.54 1 0.47, ¥4 A 1) SNP fi 55 (3.03
AN R AR = T a2 A (2,18 4> ).

Hodr, 28 1, 2 i1 3 4 &4 SNP A8 1 21 1
B9 51513, 25378 il 50 306, 7Eik Lk
SNP {if S5+, 4479 4% unigenes 7 1 /> SNP {if
R, 3096 4% unigenes 7% 2 /> SNP fii 5, 2419
% unigenes 7% 3 > SNP i /5, F#& SNP i 5
Kkt % | unigenes BIEGE Z W /> (K 3A), H
SRR, HPAY 14 25 unigenes fL & A 100
ALL ) SNP 55 (5% 3 ), HiHP (1) 9 2% unigenes

6000
5-8
L 9~12
é 5000 13~16
8 2024
Qo ~
5 4000 & 25~28
§ 29~32
~ 3000 -
1
ﬁ 2000 t+
L] zad { 7
1000 5
% .&vﬂe‘
{ 3 eQe'%
T g
Mono— Di— Tri— Tetra— Penta— Hexa— @%j&'
SSR EH T SSR motif
2 SSRKESNT
Fig. 2 Length distribution of SSR
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§ >
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N5 30009
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a2
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4
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SNP {37 5 %= Number of SNP site
., 8000 o B
2
5 2 6000
&g
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o5
5 5 2000
Z
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InDel {3 /5 % & Number of InDel site
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Fig. 3 Distribution of SNP and InDel site

53] T IIREFRE, 5 5 2% unigenes 7E T A £ 8
JE R AR B ST, X EEAEAE S A SNP AR S
Y unigenes A RETE IR SRR 22 F P ot b &
T ERYGRE.

FE T SR £, 2L 9845 18 548 4> InDel
s, FEE 1 kb JPHIEE 2.95 4, HoarmAsfk
#a# L SNP A1l (& 3B ), unigenes F&%H 14
InDel i S A 2, 155 7853 45, InDel £/ 55
®ZIJE Cluster-4594.16496, k%] 24 4~ InDel
PR, AT F TR, AT BRI PG T A

R3 HFAEBHESNPIAMNERFIIER
Tab. 3 Unigenes with high-frequency of SNP loci

St D SNP {7 &S # i Eﬂqﬁ%ﬁiﬂﬂ '
Gene ID Numbe.r of SNP  Gene funct_lonal predic-
site tion

Cluster-4594.14962 100 R

Cluster-4594.16468 103 AN iR

Cluster-4594.22679 106 HUR AR A

Cluster-4594.19172 106 K

Cluster-4594.13384 108 RA

Cluster-4594.20246 109 Dnal [f]J5F 5 5

Cluster-4594.11465 110 ATP K1 A% Jie it

Cluster-4594.15912 113 Pre-mRNA 574 [H T

Cluster-4594.24976 114 iR A

Cluster-4594.18548 124 K

Cluster-4594.15297 126 A B A T L A6 AR O
FH

Cluster-4594.22117 160 RN

Cluster-4594.16377 161 HREHZEEN

Cluster-4594.15956 196 BE AL/l s 45 4 3 G
B

3 itig

31 HRAMFRABHFA LB SSR
SNP/InDel #7i2

B S I E 2AE Y SSR Fil SNP/InDel Fric JT
KRB BB ARTFBE ., VIDYA %P\ A %2 Zingiber
officinale ) % sk 4 HH4Z2 4 T 16 790 4~ EST-SSR fif
R, o 4597 A SSR A a5 43 A A B TR 1) G
S ZHOU At A ( Phoebe bournei ) #%
S TEE T 40 853 > SSR i, FExFHA 23
A2 54 EST-SSR bric #EA 71 ; TULSANT 45 ¢
M3E ( Coriandrum sativum ) 20 ih 25 e 3] T
9746 1> SSR i i, N H A sl w R RN BRI Rl £
T EEAEE; XU ST S 2 0 A 2
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] ( Sarcandra glabra) #1424 1T 726 476 > SNP
57 55 F1 42 939 4> InDel i 55, R H BRI & 260
TR ARBFF K 1lumina Novaseq Il &£,
A TR P IR A AR SR S v 23 A2 488 T 13 935 A4
SSR {17 f .284 992 > SNP {37 25 F1 18 548 > InDel
a5, R SO o Am e & N 29 T 4K
P FEmt
32 BHMRLIEEFEFESHM SSR L
SSR tric A &M m . /PR m . AN
U RREPERAEILS, RYMR TR E .
iR E A . P B MRS PR A A
SR AR B B A SR M EE R TF
B8 AR g o e S e Y, 76 10 124
% unigenes I %E F] 13 935 4~ SSR i 4, & A= 4
N 22.98%, Hirr, AR H A BT A SSR
P75 i 20 H St i R 2 SR se I R
Fot, WEEERGEECEE G, SSR s B
PR TR, 5% (Persea americana) %, Hit#ii
( Diospyros kaki ) %, ##; ( Toona sinensis) 1"
GRS MR S AR B T
FHEUHE A/T. AG/CT. AT/AT. AAT/ATT .
AAG/CTT %, JuH A/T BIHBLAE] 66.67%, 5
FAiB% . JEHR ( Dimocarpuslongan ) B2 jfi%u)
GHAMYFIAEAE—E WAL, B 2R, 1T
UL SSR 7 s AT A FEAE D Rl RE Sk o A, A SR
S¢ SSR gAML T 6 4~ CG/CG F1 29 4
CCG/CGG HEHEHon, HAEXN T Y bl b
DLBOV T R AR RN Ak Sk R b AR AR R 1 e W2
Uige. NZEME LA, @EINIKERT 20bp
() SSR 37 st ELA B 1 22 50D, e SR sz b
B3E . AR RN S Y SSR 7 AT K TR
20bp KU I, BAEEM AN, TREEAKEW
N FHAME
33 WHIREHZ9 % SNP/InDel fiL =
SNP/InDel EA mchk | wEwt:, I3+ A 519
PR VI G . ARG IE TG S dlilJy, ps )
FIHIHE SR 5 284 992 /> SNP {7 5, SEH44F 1 kb
HIEA 5.21 4> SNP s o Horfr, e fn A4 2 1Y
M LA 1.398, SHLSME 0.500 FA7ER K2,
Ut A AORSE S A 2o A v AN (] 2 7 1) o 3 B Bl L
111 AT BEAEAE DR PR sk, ASHIFST ISR
RS 18 548 4~ InDel 45, % 1 kb JFH P&
2.95 4~ InDel {37 15 o J5 £3A N i — 4 X} SNP/InDel

PR EATIRANETE , T AR SE P PRAR S 1)
SRS T hRIC, O Al 5 B U R o) B
AR IEEOR S
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