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After a serial study on the therapeutic efficacy of the

powdery silkworm for diabetics was positively result-

ed in, many powdery silkworm products were on the

market in Korea. Up to now, however, no causal

method is available to discriminate the strain of silk-

worms that is a major ingredient for manufacturing

powdery silkworm, even though the quality of the

powdery silkworm differs greatly by source and origin

of strains. We previously were successful in identifying

25 silkworm strains kept in Korea using nine intronic

sequences. In this study, we tested the utility of the

nine intronic sequences to distinguish the most widely

reared silkworm strains originated from Korea and

China. Two intron regions, PTTH Intron3 and PTTH

Intron3, showed a substantial sequence divergence

(mean sequence divergence of 3.13% in PTTH Intron3

and 4.99% in PTTH Intron3). These two intronic se-

quences provided no identical sequences among the

seven strains tested. Thus, these sequences each along

can be used to discriminate the seven strains tested in

this study. Furthermore, other intron regions, except for

VDP Intron4 allowed us to discriminate 2~4 strains by

strain-specific unique insertion/deletion or substitution.

Keywords: Silkworm, Bombyx mori, intronic sequence,

strain identification, silkworm powder, genetic variation

Introduction

Silkworm powder was traditionally taken as folk remedies

for the treatment of diabetes. After blood glucose lower-

ing effect of sericultural products including powdery silk-

worm has been screened and their therapeutic efficacy

was proved, a diverse aspect on the silkworm powder was

studied (Ryu et al., 1997). Furthermore, the major com-

ponent of the powdery silkworm that exerts blood glucose

lowering activity turned out to be 1-deoxynojirimycin

(DNJ) (Kim et al., 2000; Ryu et al., 2003).

After the discovery, many commercialized powdery

silkworm was on the market. However, some products

have relatively low DNJ content and quality of the pow-

dery silkworm is variable depending on the manufacturer.

Due partly to this reason, authorized government institute

standardized powdery silkworm, regarding the required

content of DNJ and publicized recommendable silkworm

strains being reared for high DNJ content (unpublished

data). Nevertheless, more study was required, because

there was no way to discriminate the silkworm strain uti-

lized for powdery silkworm. As a part of this issue, we

previously initiated the way to discriminate silkworm

strains kept in Korea, by sequencing nine intron regions

that showed a substantial variation among tested strains

(Kim et al., 2007). Although not completed yet, the 25

silkworm strains tested were well discriminated by a sin-

gle intron sequence, combination of a few or more

intronic sequences, or just by agarose electrophoresis

(Kim et al., 2007).

In this study, we now tested the utility of the intronic

sequences to know whether or not they can discriminate

the silkworm strains that are most extensively reared in

each Korea and China.

Materials and Methods

Silkworms strains used for this study was chosen, because

International Journal of

Industrial Entomology

*To whom the correspondence addressed

College of Agriculture and Life Sciences, Chonnam National

University, Gwangju 500-757, Korea. Tel: +82-62-530-2073;

Fax: +82-62-530-2079; E-mail: ikkim81@chonnam.ac.kr



94 Kee Young Kim et al.

they are four most widely reared ones by Korean seri-

cultural farmers and are the prime commercialized

sources being used for powdery silkworm (Table 1).

These are common in egg color as black, blood color as

white, cocoon color as white, and cocoon shape as oval

(Table 1). Among these DNJ content was highest in

Kumok-Jam as 5.45 mg/g dry weight, whereas it was low-

est in Chunsu-Jam as 2.90 mg/g dry weight (Table 1).

DNJ content of other silkworm strains kept in Korea are

available upon request. Three Chinese silkworm strains

Table 1. General information of the silkworm strains utilized in this study

Strain
Breeding

origin 
Moltinism Egg color Blood color Cocoon color/shape

DNJ quantity*

(mg/gdw) (S. E.)

Kumok-Jam Korea 4 Black White White/Long Oval 5.45 (±5.0%)

Backok-Jam Korea 4 Black White White/ Long Oval 4.49 (±1.9%)

Yangwon-Jam Korea 4 Black White White/ Long Oval 4.00 (±5.0%)

Chunsu-Jam Korea 4 Black White White/ Long Oval 2.90 (±5.3%)

Cheongsong-

Howol
China 4 Black White White/ Oval -

PungIl-54A China 4 Black White White/ Oval -

873-874 China 4 Black White White/ Oval -

*DNJ content was obtained from Kim et al. (unpublished).

-, unavailable.

Table 2. Summary of the silkworm intron regions utilized in this study

Gene

(abbreviation)

Intron

number

Primer name

(direction)
Location* Sequence (5’-3’)

Expected

size (bp)

GenBank

no.
Reference

Cytoplasmic actin

(A4)

A4

Intron 1

A4-E1-F1(F) 488 CAGGGCGTTTAATTTTCAT
539 U49644

Mange

et al. (1996)A4-E2-R1(R) 1134 TATTGCACAGCTTCGTTA

Cytoplasmic actin

(A4)

A4

Intron 2

A4-E2-F1(F) 1117 TAACGAAGCTGTGCAATA
533 U49644

Mange

et al. (1996)A4-E3-R1(R) 1760 ATTGTCTACTACCAACG

Prothoracicotropic

Hormone-Kinshu

Showa  (PTTH-KS)

PTTH

Intron 3

PTTH-E3-F1(F) 1518 AGCAAGCTATTCCGGAT

640 X75942

Adachi-

Yamada

et al. (1994)PTTH-E4-R1(R) 2241 TGAAGCGTGGAACAGAG

Larval cuticle

protein 30 (LCP 30)

LCP30

Intron 3

LCP30-E3-F1(F) 1984 ACAACTCTGGCCGTTACA
566 X74321

Nakato

et al. (1994)LCP30-E4-R1(R) 2639 ATCCAGTGTAGAAGCCA

Larval cuticle

protein 30 (LCP 30)

LCP30

Intron 4

LCP30-E4-F1(F) 2623 TGGCTTCTACACTGGAT
579 X74321

Nakato

et al. (1994)LCP30-E5-R1(R) 3319 AGGGGAACAATGCTGGA

Sex-specific

Storage-protein SP1

(SP1)

SP1

Intron 3

SP1-E3-F1(F) 3569 ATGATCCGAGAGGGTAT

459 X12978
Sakurai

et al. (1988)SP1-E4-R1(R) 5009 CAATGTCCTCAGACTTC

Vitellin-degrading

protease precursor

(VDP)

VDP

Intron 4

VDP-E4-F1(F) 6760 CTCACCGATTTACGCAAT

694 D16233
Ikeda et al.

(1991)VDP-E5-R1(R) 7609 TATTCTGGTCTCGCACA

Fibroin light-chain

(FLC)

FLC

Intron 3

FL-E3-F1(F) 10684 ATCTATCTGCCGGTAT
684 M76430

Kikuchi

et al. (1992)FL-E4-R1(R) 11462 ACCGAGAGATTGTCTG

Xanthine

dehydrogenase

(XDH)

XDH

Intron 3

XD-E3-F1(F) 12837 ACGACGAGCTAGAAATA

455
AB00591

1

Komoto

et al. (1999)XD-E4-R1(R) 13377 ACTCTCGCCACTATTCTA

*Locations are with respective to the genome sequences of original publication.
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also are ones that are most extensively reared in China.

These also shares in egg color, blood color, and cocoon

color with the Korean hybrid analyzed in this study (Table

1). These strains were kindly provided by Dr. Zhong

Zheng Gui, Sericultural Research Institute, Chinese Acad-

emy of Agricultural Sciences, China.

Genomic DNA extraction

Approximately, 100 eggs were crushed in the glass

grinder, and genomic DNA was extracted using the Wiz-

ard Genomic DNA Purification Kit, in accordance with

the manufacturer’s instruction (Promega, USA).

Intron selection

Among the silkworm genes with complete genomic struc-

tures available, nine intron regions that provided constant

PCR product were selected from the GenBank database.

These intron regions are described in Table 2. Primers

were designed based on the sequence information of the

flanking exons (Table 2).

PCR amplification, cloning and sequencing

The polymerase chain reactions were performed using a

PCR mix (Bioneer, Republic of Korea) with primers, both

at a concentration of 10 pmol, along with genomic DNA

Table 3. Summary of genetic variability in each intron region

Intron
Expected

size (bp)

Range

(bp)

Number of polymorphic sites Maximum sequence

divergence: bp (%)

Mean sequence

divergence: bp (%)Sub. Indel Sub. + Indel

A4 Intron1 539 538 - 539 8 1 - 8 (1.5) 3.25 (0.60)

A4 Intron2 533 532 - 533 7 - - 5 (0.9) 2.50 (0.47)

PTTH Intron3 640 640 - 644 40 11 - 34 (5.2) 20.32 (3.13)

LCP30 Intron3 566 566 - 568 5 1 - 5 (0.9) 2.71 (0.48)

LCP30 Intron4 579 579 - 584 6 1 - 5 (0.9) 3.93 (0.67)

SP1 Intron3 459 459 - 460 5 1 - 5 (1.1) 4.75 (1.03)

VDP Intron4 694 689 - 694 1 5 - 6 (0.9) 2.93 (0.42)

FLC Intron3 684 652 - 684 43 50 1 85 (12.3) 34.39 (4.99)

XDH Intron3 455 455 - 480 35 36 - 73 (15.0) 24.32 (5.00)

Sub., substitution.

Table 4. List of identical silkworm strains and unique difference of each strain at each intronic sequence

Strains
A4 

Intron1

A4 

Intron2

LCP30 

Intron3

LCP30 

Intron4

PTTH 

Intron3

SPI 

Intron3
VDP Intron4

FLC 

Intron3

XDH 

Intron3

Kumok-Jam 6 bp US ○ 1 bp US 2 bp US

2 bp UD

4 bp UI

8 bp US
○ 1 bp US 1 bp US ○

Backok-Jam ○ 1 bp US ○ ○ 2 bp US
1 bp UD

2 bp US
○ 2 bp US

5 bp UD

10 bp UI

23 bp US

Yangwon-Jam ○ 3 bp US ○  2 bp US 2 bp US ○
3 bp UD

12 bp US

Chunsu-Jam 1 bp US 1 bp US 1 bp US ○ 2 bp US ○ ○ 1 bp US

Cheongsong-Howol
1 bp UD

1 bp US
○

1 bp UD

1 bp US

1 bp UD

2 bp US
1 bp US ○ ○

PungIl-54A ○ ○ ○ ○ 2 bp US ○ ○ 1 bp US ○

873-874 1 bp US 2 bp US 3 bp US ○ ○ ○

34 bp UD

12 bp UI

22 bp US
○

○, silkworm strains with identical sequence at each intronic sequence. VDP Intron4 has two types of identical sequence.

UD, unique deletion, UI, unique insertion, and US, unique substitution.



96 Kee Young Kim et al.

at a concentration of approximately 100 ng and H2O up to

a total volume of 20 µl. The following PCR protocol was

used: 5 min at 94oC, followed by 40 cycles of 30 sec at

94oC, 40 sec at 50 ~ 60oC, and 45 sec at 72oC, and a sub-

sequent 7 min final extension at 72oC. The amplified PCR

product was separated by electrophoresis in a 0.5% aga-

rose gel (Sigma, USA) with ethidium bromide. The ampl-

icons were then cloned into pGEM-T Easy vector

(Promega), and the resulting plasmid DNA was isolated

using the Wizard Plus SV Minipreps DNA Purification

System (Promega). Both strands of the PCR amplicons

were cycle-sequenced using the ABI PRISMR BigDyeR

Terminator v1.1 Cycle Sequencing Kit and electrophore-

sed in each direction on an ABI PRISMTM 310 Genetic

Analyzer (PE Applied Biosystems, USA). When neces-

sary, an additional internal primer was designed to com-

plete sequences by primer walking. Each intronic se-

quence was aligned with the original sequence registered

in GenBank using the CLUSTAL X program (Thompson

et al., 1997).

Results and Discussion

Variability of intronic sequences

The nine intron regions from seven silkworm strains were

successfully sequenced. GenBank accession number of

the 63 intronic sequences are EU256108 ~ EU256128 (21

sequences) and EU273713 ~ EU273754 (42 sequences).

The genetic variability of each intronic sequence is pre-

sented in Table 3. At each intron, the mean sequence

divergence among the seven silkworm strains ranged from

0.42% (2.93 bp) to 5.00% (24.32 bp), and the maximum

sequence divergence at each intron ranged from 0.7% (4

bp) to 15.0% (73 bp) (Table 3). Although some intron

regions provided relatively low sequence divergence

among tested strains, PTTH Intron 3, FLC Intron3, and

XDH Intron3 provided substantially high maximum and

mean sequence divergence (i.g., mean sequence diver-

gence of 3.13% from PTTH Intron3, 4.99% from FLC

Intron3, and 5.00% from XDH Intron3 (Table 3). Fur-

thermore, along with base substitution, FLC Intron3 and

XDH Intron3 have substantial number of indels, resulting

in variation in product size among strains, ranging from

652 bp to 684 bp in FLC Intron3 and from 455 bp to 480

bp in XDH Intron3. These length variation caused by

indels may have further utility for strain discrimination

when PCR products are electrophoresed on typical aga-

rose gel.

Strain discrimination by introninc sequences

Sequence analysis of the nine intron regions provided

varying numbers of identical sequences among the seven

silkworm strains. For example, A4 Intron1 provides iden-

tical sequence among Backok-Jam, Yangwon-Jam, and a

Chinese strain PungII-54A (Table 4). On the other hand,

VDP Intron4 provided two types of identical sequences:

one type of identical sequence among Back-ok Jam,

Yangwon-Jam, PungII-54A, and 873-874; and another

type of identical sequence between Chunsu-Jam and a

Chinese Cheongsong-Howol (Table 4). Among the seven

strains, PungII-54A has the highest number of identical

sequence as seven, although most strains have 3 or 4 iden-

tical intronic sequences.

The PTTH Intron3 and FLC Intron3 provided no iden-

tical sequences among the seven strains tested in the

study. Thus, strain discrimination of the seven strains is

basically possible by sequencing one of the two intron

regions (Table 4). Similar result was obtained in the pre-

vious study in that FLC Intron 3 provided no identical

sequences when 25 silkworm strains were used (Kim et

al., 2007). Figures 1 ~ 9 show detailed position of nucle-

otide substitutions and indels at each introninc sequence,

and also provide whether those substitutions are shared

among strains or unique in each strain. Although the A4

Intron1 provided only maximum sequence divergence of

Fig. 1. Variability among seven silkworm strain in A4 Intron1

region. (A) Nucleotide positions of polymorphic sites and (B)

uncorrected pairwise distance among seven silkworm strains in

the. Only positions that differ from strain Cheongsong-Howol

are indicated in (A). Numbers above the diagonal are mean dis-

tance values; numbers below the diagonal are absolute distance

values in (B).
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1.5% (8 bp) and mean sequence divergence of 0.60%

(3.25 bp) in a range of 538 bp ~ 539 bp (Table 3; Fig. 1),

this intron region still provided several information help-

ful to discriminate some silkworm strains. For example,

although the region shares identical sequence among

Backok-Jam, Yangwon-Jam, and PungIl-54, it still dis-

criminated Kumok-Jam from other remaining strains by a

total of unique 6 bp substitutions: Chunsu-Jam by unique

1 bp substitution (T↔C in nucleotide position 100),

Cheongsong-Howol by unique 1 bp deletion (T↔del in

nucleotide position 18) and unique 1 bp substitution

(T↔A in 368), and 873-874 by unique 1 bp substitution

(C↔T nucleotide position 394) (Table 4; Fig. 1). There-

fore, this A4 Intron1 region alone can discriminate four of

the seven strains tested in this study. In a similar fashion,

A4 Intron2 can also discriminate four strains from the

seven tested. In detail, Backok-Jam can be discriminated

from other strains by unique 1 bp substitution in the

sequence (A↔G in nucleotide position 4), Yangwon-Jam

by unique 3 bp substitutions (T↔C in 212, AG in 249,

and A↔G in 295), Chunsu-Jam by unique 1 bp substi-

tution (T↔C in 256), and 873-874 by unique 2 bp sub-

stitutions (T↔C in 179 and C↔A in 249) (Fig. 2; Table

4). On the other hand, VDP Intron4 did not provide any

strain-specific unique mutation, whereas it provided two

types of identical sequences, which also can discriminate

the two groups of strains (Fig. 7; Table 4). In this manner,

all strains can be discriminated either by single introninc

Fig. 2. Variability among seven silkworm strain in A4 Intron2

region. (A) Nucleotide positions of polymorphic sites and (B)

uncorrected pairwise distance among seven silkworm strains in

the. Only positions that differ from strain Cheongsong-Howol

are indicated in (A). Numbers above the diagonal are mean dis-

tance values; numbers below the diagonal are absolute distance

values in (B). “S” at the nucleotide position 256 of Chunsu-Jam

indicated G or C nucleotide obtained from different clones.

Fig. 3. Variability among seven silkworm strain in PTTH Intron3 region. (A) Nucleotide positions of polymorphic sites and (B) uncor-

rected pairwise distance among seven silkworm strains in the. Only positions that differ from strain Cheongsong-Howol are indicated

in (A). Numbers above the diagonal are mean distance values; numbers below the diagonal are absolute distance values in (B).
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Fig. 5. Variability among seven silkworm strain in LCP

Intron4 region. (A) Nucleotide positions of polymorphic sites

and (B) uncorrected pairwise distance among seven silkworm

strains in the. Only positions that differ from strain Cheong-

song-Howol are indicated in (A). Numbers above the diagonal

are mean distance values; numbers below the diagonal are

absolute distance values in (B).

Fig. 4. Variability among seven silkworm strain in LCPI

ntron3 region. (A) Nucleotide positions of polymorphic sites

and (B) uncorrected pairwise distance among seven silkworm

strains in the. Only positions that differ from strain Cheong-

song-Howol are indicated in (A). Numbers above the diagonal

are mean distance values; numbers below the diagonal are

absolute distance values in (B).

Fig. 6. Variability among seven silkworm strain in SP1 Intron3

region. (A) Nucleotide positions of polymorphic sites and (B)

uncorrected pairwise distance among seven silkworm strains in

the. Only positions that differ from strain Cheongsong-Howol

are indicated in (A). Numbers above the diagonal are mean dis-

tance values; numbers below the diagonal are absolute distance

values in (B).

Fig. 7. Variability among seven silkworm strain in VDP

Intron4 region. (A) Nucleotide positions of polymorphic sites

and (B) uncorrected pairwise distance among seven silkworm

strains in the. Only positions that differ from strain Cheong-

song-Howol are indicated in (A). Numbers above the diagonal

are mean distance values; numbers below the diagonal are

absolute distance values in (B).
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sequence or concatenated intronic sequences. The PungIl-

54 is most tricky in that its sequences share identical

sequences in seven intron regions. Thus, discrimination of

this strain is only possible by sequencing either PTTH

Intron3 or FLC Intron3, wherein the strain has unique

2 bp substitutions in PTTH Intron3 (Fig. 3) and unique

1 bp substitution in FLC Intron3 (Fig. 8).

Our data is further robust in that we found almost no

intra-strain variation. We extracted genomic DNA from

~ 100 eggs and sequenced five clones, but a single intra-

strain polymorphism was found. The sequence of A4

Intron2 region from Chunsu-Jam only showed polymor-

phism, G and C at the nucleotide position 256 (Fig. 2). As

mentioned previously (Kim et al., 2007), there is possi-

bility to have heterozygosity theoretically and it was

found in this study. On the other perspective, it also may

be possible to have minimized intra-strain variation in

such long inbred silkworm strains, possibly by purified

evolution. The purified evolution may be possible if the

intronic sequences reflect the product of neutral evolution

with respect to the respective gene expression. In fact, the

previous investigations of the 5’ end region of the H-fib

intron of B. mori and B. mandarina showed no diagnostic

difference between the two species, and this was

explained by the neutrality of the intronic variations with

respect to the H-fib expression (Ueda et al., 1985; Kusuda

et al., 1986). Thus, it seems that the intron regions we

sequenced seems to be under neutral evolution, although

experimental data is required to have further conclusive

remark on this. Nevertheless, the introninc sequences used

in this study discriminated the most widely reared strains

from Korea and China.

Fig. 8. Variability among seven silkworm strain in FLC Intron3 region. (A) Nucleotide positions of polymorphic sites and (B) uncor-

rected pairwise distance among seven silkworm strains in the. Only positions that differ from strain Cheongsong-Howol are indicated

in (A). Numbers above the diagonal are mean distance values; numbers below the diagonal are absolute distance values in (B).
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