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Abstract: In order to understand the genomic information of Tylorrhynchus heterochaetus and efficiently develop microsatel-
lite markers, so as to guide the conservation of its germplasm resources and genetic improvement of new varieties, we conducted
a whole-genome survey by using low depth high-throughput sequencing. A total of 57.48 Gb of clean data were generated after
the quality control of raw data. K-mer analysis estimates that the genome size of T. heterochaetus was 759.53 Mb; the heterozy-
gosity rate was 1.41%; the proportion of repetitive sequences was 45.92%. Preliminary assembly obtained 2 181 621 scaffolds
with a total length of 840 375 821 bp. A total of 130 216 microsatellite loci were detected with a density of 154.9 loci per Mb. The

repeated number of microsatellite units largely ranged from 4 to 18. The ratio of mononucleotide loci was the highest (35.00%),
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followed by those of dinucleotide (32.48%) and trinucleotide (14.42%) loci. AT/AT and AAT/ATT motifs were domi-

nant in dinucleotide and trinucleotide loci, respectively, indicating an A/T dominance. Fifteen polymorphic loci were identified

from 50 randomly selected primers, and 87 alleles were amplified in a T. heterochaetus population containing 30 individuals. The

number of alleles per locus ranged from 2.000 to 12.000, with an mean of 5.800. The effective allele number (N,) and expected

heterozygosity (H,) ranged from 1.164 to 6.713 and from 0.141 to 0.789, with means of 3.328 and 0.561, respectively. The poly-

morphic information content (PIC) ranged from 0.136 to 0.776, with a mean of 0.511. Thirteen loci were found to be highly or

moderately polymorphic, having high practical value in genetic analysis. In conclusion, T. heterochaetus genome is a complex

genome, and its microsatellites have a rich variety and high polymorphic potential. The results can provide effective marker re-

sources for germplasm resource evaluation, population genetics and molecular breeding research.
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Table 1 Statistics of genomic survey sequencing data of 7. heterochaetus
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¥J{H Mean — 99.72 0.05 95.56 89.70 39.07
1.2x107 20000 145 582
42298
40 000 r
1x107 sz
2 30000 |
g 8x10° g
g Uﬂiﬂ 20000 | 18 782
g 12 307
L 6 3
& 6x10 = o000 | 8 067
?:i 3180
R oaxa0e | 0 -
100 ¥
2x10° HRH
Repeat number
0L 80 m =30
1 1 1 1 1 O\O
S m19~29
0 50 100 150 200 )
g 0 12~18
¥ Depth g mlo~
§ , 8 m7~11
El1 Pempib 5 k-mer FhARSE S 1 % 40 |
. C . Lo H4~6
Fig. 1 Frequency distribution of k-mer species in genome of =
T. heterochaetus 20

22 EMICEEFARMD E A SYHIE

FH MISA #A7E 109 881 S5 2H 245 41 i 59
130 216 Mg BN A, KEHIT 2341 179 bp; 1
TR EHEIE 5.04%, HIHR 5.97%, o0 FE
4 154.9 Mbb' PEWS A PR AL R LA SR
TWEEE R NFERE, 504 45582 F1 42 298 4%,
%1 35.00% F132.48%; HUE —AEHEE (18 782
%), 14.42%; SNEFEEGERD, U 2.44%
(% 2). MTEFINEZLGEES 4~56 $501, F
FAERTE 4~18 #8501, B 19 ML ERIA 3703 4%,
{15 3.50%; PARRSELE A LA 12~16 RKERH UL (40 706
2%, 89.30%), _BiFEEEPL 6~18 IR (42 035
2%, 99.38%), —HFLHEE LI 5~12 KA (18 526
2%, 98.64%), MUBHILEELL 5~10 A E (12 173
2%, 98.91%), I Bl FL A oS ool 2k o & R 2N
4~8 K (F 11176 4%, 99.37%) (E 22— 3),

0
o e e Pl
¥ ¢

S &
A

g 7S o N

F ¥ F Y O
& & & F &S
Qo Q\ &Q o X2 oy
RS K& Qé‘ ¥

K2 b AN A 6 PSRRI RO S Ll
Fig.2 Number and proportion of six motif types of
microsatellite loci in genome of T. heterochaetus

PEWvh fe 3 R A PR I 320 PR IL )y
FERY . BAGEL 2 A L 4 B —HEIE 10 B
DUBREE 31 F, FLBSZE 91 Fp . /B 182 Fl, PG
LR S DUBUE R 12~15 1K, UL C/IG B+,
di b 58.02%; ML EE I EZ R 6~10 K,
PLAT/AT A FHE, Atk 62.38%, HIKJE AC/GT
(27.37%) . AG/CT (10.22%), i CG/CG H /b
(0.02%); FE—=HFELE T, HIHEZH 5~121K,
b R E AU AAT/ATT, A 6253 45 (33.29%), H




553

¥ AR BT RN survey BARMPE D A i LR FHE 38T K £

DM H & 127

20000

15000

10000

$H = Number/%%

5000 f

—&— Hifi it Mononucleotide

—8— =i Trinucleotide

—— Tifi £ Pentanucleotide

—A— i Dinucleotide
—&— [UHifJE Tetranucleotide

—%— 7NBE Hexanucleotide

4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56
5 H Repeat number

B3 HEmb F i D 4 TR R R A ik

Fig. 3 Distribution pattern of microsatellite repeat number in genome of T. heterochaetus
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Fig. 4 Distribution pattern of microsatellite motif types in genome of T. heterochaetus
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intervals; b. Length distribution of the six motif types of
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Table 2 Information of 15 polymorphic microsatellite loci in genome of 7. heterochaetus
(A= 51911751 (5 BEHIT FERIRN IR K
Locus Primer sequence (5'-3") Repeat unit Size/bp Annealing temperature/ °C
F: TGCTGCTACTGCTACAGCTACTATG
ThGMO004 (TAC) 5 289 60.0
R: CTGACAAAGTTTGGTGGCTG
F: TGAAAATTAGTGTGATTTTGTCCC
ThGMO006 (CA), 260 59.0
R: AGCCAACCAGAACATGAACA
F: AACTTGGACTAAGGCTATCAAAAA
ThGMO011 (AG),; 220 59.0
R: CTTGGGGTTCATGCATCATT
F: TTGGTTGTTATCCATGCACC
ThGMO15 (TAT),, 279 59.5
R: AGACAGCAGTGAAATAGCACCA
F: ATTCGATAAGCATTCCACCG
ThGMO017 (ATGG)4 215 60.0
R: CTTGGTAGCTGGCCTGTCTC
F: TGCGAAATGAGAAGTGAGCA
ThGMO021 (TA) 277 60.0
R: TGCCTGTGTGGAATACCAAG
F: ACCTGTCCACCCGTCATTTA
ThGM024 (TAT), 294 59.5
R: CCTTTAGGGGATGGCTACAA
F: GAGCAAAATATTCAAGTTGGCA
ThGMO029 (ATT),, 243 59.0
R: TTGTTTGTCATATCTTCTAAAGAGCA
F: GGAGTGGGGAGGATTTTAGC
ThGMO033 (TG 277 60.0
R: CCATGTACAGCATTCAGCCA
F: GTAAGGGCAAGGGTTGTGAA
ThGMO035 (AG)3 226 60.0
R: ACCGTTACCCTAACCCCAAC
F: TTACCCTGCCATCCTACCAG
ThGMO038 (TG),p 157 60.0
R: CTATTCTGCCAGTGGTCGCT
F: GGATCCAGAAGGGGTAAAGC
ThGM040 (TTA) 239 59.5
R: GTTGGTCATGTTCCTGTTGC
F: ACCAGCTGCTAGAGGCAGAC
ThGMO041 (ATG), 260 60.0
R: TTAGGTCCTCACCCAGGGAT
F: AAMMAGCAAGTGGTAACACAAAATG
ThGMO043 (TCAT),, 272 59.5
R: CATTGGGCTCTGGGAATAAA
F: CGACCTGCGGATTTAATTTG
ThGMO047 (TGG)1, 148 60.0

R: ATATCTTGGCGGCGGATAG

T FOERSM; RS,
Note: F. Forward primer; R. Reverse primer.

W Temnykh 28" YK =20 bp 1 TR
maEMEE, KJE 10~20 bp M AP EM
/NT 10 bp MIZ PR, FEPEM Vb i FEPR 4 rh 3t ﬁ%
PEF 43 240 ZRFHIKJE =20 bp A9 T B GE T2
M, Nt 33%, dmE TR T

20% MY T i’lum Heo) (R e KAL) o PRIk 50 L
TR TE N R ZBHERIE, A 414> (82%)
LG T3 R A, H 154> (30%)
T e HEE LA, %%% LA L
BT EPRCHRE SR SRR | LN
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Fig. 6 A set of polymorphic microsatellite loci visualized by high-resolution capillary electrophoresis
R 5N EEMIEMAFERMIDREHE R AIBRERHE
Table 3 Genetic characteristics of 15 polymorphic microsatellite loci in a 7. heterochaetus population

fi i Locus SFE(IEEFHEN, AREFEMHEREN, WHZRGE H, WBERGEH ZSFEBEEPIC WIB-EE TP HE Pywe

ThGMO004 12 6.672 0.697 0.775 0.726 0.275
ThGMO006 4 1.642 0.367 0.388 0.372 0.001°
ThGMO11 5 1.608 0.257 0.349 0.377 0.026"
ThGMO15 8 4.933 0.438 0.789 0.776 0.225
ThGMO017 3 1.521 0.066 0.271 0.245 0.148
ThGMO021 2 1.593 0.367 0.508 0.375 1.000
ThGMO024 11 6.713 0.879 0.742 0.682 0.541
ThGMO029 10 5.647 0.697 0.658 0.599 0.140
ThGMO033 5 3.102 0.167 0.772 0.720 0.069
ThGMO035 3 2.164 0.050 0.141 0.136 0.086
ThGMO038 8 4.878 0.576 0.545 0.489 0.221
ThGMO040 4 2.441 0.733 0.718 0.652 0.008"
ThGMO041 3 2.155 0.417 0.431 0.336 0.503
ThGMO043 5 2.727 0.724 0.682 0.617 0.148
ThGMO047 4 2.224 0.867 0.642 0.569 0.267
HJfH Mean 5.800 3.328 0.487 0.561 0.511 —

H:: *. Bonferroni I I J& b 3 I B3 WA i - IR A A (P<0.05)5 n=30,

Note: *. Significant departure from Hardy-Weinberg equilibrium after Bonferroni's correction (P<0.05); n=30.

XFHREOT FE AR 4 g PO B 2R Y L ] TR PRE T R AL AT, — Bl
WL, PEMb T T RARIC I AR A, ARAF A R PGB LI S5 B D, RS
MRN A BA RAFAIT AT, REEHSER BN 5 SRIMAESEPr i, Gl 28
PRICHT ot Py R WSRCEVE VR TSIy E e SIS Pug ]
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